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DEPARTMENT O F EDUCATION 

[CFDA No. 84.025E]

Services for Children With Deaf* 
Blindness ProgramReopening the Closing Date for Transmittal of Applications for Technical Assistance for Transitional Services Project under the Services for Children with Deaf-Blindness Program for Fiscal Year (FY) 1992.Purpose: On October 11,1991, the Office of Special Education and Rehabilitative Services (OSERS) published a notice in the Federal Register inviting applications for new awards for FY 1992 at 56 FR 51590. The closing date was January 17,1992 for transmittal of applications for FY 1992.On March 24,1992, a review panel was convened to evaluate the single application that was submitted under the competition for Services for Children with Deaf-Blindness Program, Priority 1: Technical Assistance for Transitional Services (CFDA 84.025E). The panel recommended disapproval of the

application. In order to meet the need reflected in this priority, the Secretary believes that potential applicants should be given additional time to prepare their applications and is therefore reopening the competition and announcing a new date for transmittal of applications. This notice changes the deadline date only for applications under Priority 1: Technical Assistance for Transitional Services. The applicant who submitted an application for the original deadline has the option of withdrawing its application and resubmitting a revised application, submitting amendments to its application, or leaving the original application in this competition. Any applicant wishing to apply should request a new application package.Deadline for Transmittal of Applications: July 10,1992.Deadline for Intergovernmental Review: September 10,1992.Available Funds: $640,000.Estimated Range of Awards: $640,000.Estimated Size of Awards: $640,000.Estimated Number of Awards: 1.Project Period: Up to 38 months.

Applicable Regulations: (aj The Education Department General Administrative Regulations, 34 CFR parts 74, 75, 77, 79,80, 81,82,85 and 86;(b) the regulations for this program in 34 CFR part 307, as amended and published in the Federal Register at 56 FR 51582- 51589; and (c) the annual funding priority for this program, Technical Assistance for Transitional Services, published in the Federal Register at 56 FR 51586.For Applications or Information Contact: Joseph Clair, U .S. Department of Education, 400 Maryland Avenue,S.W ., Room 4622, Switzer Building, Washington, D C 20202-2734. Telephone: (202) 732-4503. Deaf and hard of hearing individual may call (202) 732-1169 for TDD services.Program Authority: 20 U .S.C . 1422.
Dated: M ay 22,1992.

Michael E. Vader,
Acting Assistant Secretary, Office of Special 
Education and Rehabilitative Services,
[FR Doc. 92-12528 Filed 5-28-92; 8:45 am] 
BILLING CODE 4000-01-M
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ENVIRONMENTAL PROTECTION 
AGENCYI41[FRL-4129-5]

Guidelines for Exposure Assessment

AGENCY: U.S. Environmental Protection 
Agency
a c t io n : Final guidelines for exposure 
assessment

s u m m a r y : The U.S. Environmental 
Protection Agency (EPA) is today 
issuing final guidelines for exposure 
assessment. The Guidelines for 
Exposure Assessment (hereafter 
“Guidelines”) are intended for risk 
assessors in EPA, and those exposure 
and risk assessment consultants, 
contractors, or other persons who 
perform work under Agency contract or 
sponsorship. In addition, publication of 
these Guidelines makes information on 
the principles, concepts, and methods 
used by the Agency available to all 
interested members of the public. These 
Guidelines supersede and replace both 
the Guidelines for Estimating Exposures 
published September 24,1986 (51 FR 34042-34054) (hereafter “1988 
Guidelines”) and the Proposed 
Guidelines for Exposure-Related 
Measurements published for comment 
on December 2,1988 (53 FR 48830-48853) 
(hereafter “1988 Proposed Guidelines”). 
In response to recommendations from 
tKe"Scifince Advisory Board (SAB) and 
the public, the 1986 Guidelines were 
updated and combined with the 1988 
Proposed Guidelines and rertitled as the 
current Guidelines for Exposure 
Assessment.

These Guidelines establish a broad 
framework for Agency exposure 
assessments by describing the general 
concepts of exposure assessment 
including definitions and associated 
units, and by providing guidance on the 
planning and conducting of an exposure 
assessment. Guidance is also provided 
on presenting the results of the exposure 
assessment and characterizing 
uncertainty. Although these Guidelines 
focus on exposures of humans to 
chemical substances, much of the 
guidance contained herein also pertains 
to assessing wildlife exposure to 
chemicals, or to human exposures to 
biological, noise, or radiological agents. 
Since these latter four areas present 
unique challenges, assessments on these 
topics must consider additional factors 
beyond the scope of these Guidelines. 
The Agency may, at a future date, issue 
additional specific guidelines in these 
areas.
effec t iv e  d a t e : The Guidelines will be effective May 29,1992.
FOR FURTHER INFORMATION CONTACT: 
Michael A. Callahan, Director, Exposure

Assessment Group, Office of Health and Environmental Assessment (RD-689), U .S . Environmental Protection Agency, 401 M Street, SW ., Washington, DC 20460, 202-260-8909.
SUPPLEMENTARY INFORMATION: In its 1983 book Risk Assessment in the Federal Government: Managing the Process, the National Academy of Sciences recommended that Federal regulatory agencies establish “inference guidelines” to promote consistency and technical quality in risk assessment, and to ensure that the risk assessment process is maintained as a scientific effort separate from risk management. A  task force within EPA accepted that recommendation and requested that Agency scientists begin to develop such guidelines.In 1984, EPA scientists began work on risk assessment guidelines for carcinogenicity, mutagenicity, suspect developmental toxicants, chemical mixtures, and estimating exposures. Following extensive scientific and public review, these guidelines were issued on September 24,1986 (51 FR 33992-34054). Subsequent work resulted in the publishing of four additional proposals (one of which has recently become final): Proposed Guidelines for Assessing Female Reproductive Risk (S3 FR 24834-24847), Proposed Guidelines for Assessing Male Reproductive Risk (53 FR 24850-24869), Proposed Guidelines for Exposure-Related Measurements (53 FR 48830-48853), and Proposed Amendments to the Guidelines for the Health Assessment of Suspect Developmental Toxicants (54 FR 9388- 9403). The final Guidelines for Developmental Toxicity Risk Assessment, published December 5,1991 (56 FR 63798-63826), supersede and replace the proposed amendments.The Guidelines issued today continue the guidelines development process initiated in 1984. Like the guidelines issued in 1986, the Guidelines issued today set forth principles and procedures to guide EPA scientists in the conduct of Agency risk assessments and to inform Agency decision makers and the public about these procedures.In particular, the Guidelines standardize terminology used by the Agency in exposure assessment and in many areas outline the limits of sound scientific practice. They emphasize that exposure assessments done as part of a risk assessment need to consider the hazard identification and dose-response parts of the risk assessment in the planning stages of the exposure assessment so that these three parts can be smoothly integrated into the risk characterization. The Guidelines discuss and reference a

number of approaches and tools for 
exposure assessment, along with 
discussion of their appropriate use. The 
Guidelines also stress that exposure 
estimates along with supporting 
information will be fully presented in 
Agency risk assessment documents, and 
that Agency scientists will identify the 
strengths and weaknesses of each 
assessment by describing uncertainties, 
assumptions, and limitations, as well as 
the scientific basis and rationale for 
each assessment.Work on these Guidelines began soon after publication of the 1986 Guidelines. A t that time, the SAB recommended that the Agency develop supplementary guidelines for conducting exposure studies. This supplementary guidance was developed by an Agency work group composed of scientists from throughout the Agency, a draft was peer reviewed by experienced professionals from environmental groups, industry, academia, and other governmental agencies, and proposed for comment on December 2,1988 (as Proposed Guidelines for Exposure-Related Measurements). In the public notice, the Agency asked for comment on whether the proposed guidelines should be combined with the 1986 guidelines in order to have a single Agency guideline for exposure assessment. Comments from the public and the SAB were heavily in favor of combining the two guidelines.Since proposal, the Agency has reformatted the 1988 Proposed Guidelines to allow incorporation of the information in the 1986 Guidelines, and incorporated revisions resulting from additional public and SAB comments, to establish the current Guidelines. The current Guidelines were reviewed by the Risk Assessment Forum and the Risk Assessment Council, subjected to an external peer review, and presented to the SAB on September 12,1991 for final comment (EPA-SAB-IAQC-92-015). In addition, the Guidelines were reviewed by the Working Party on Exposure Assessment, an interagency working group under the Subcommittee on Risk Assessment of the Federal Coordinating Committee on Science, Engineering and Technology. Comments of these groups have been considered in the revision of these Guidelines. The full text of the final Guidelines for Exposure Assessment is published here.These Guidelines were developed as part of an interoffice guidelines development program under the auspices of the Risk Assessment Forum and the Office of Health and Environmental Assessment in the Agency’8 Office of Research and
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Development. The Agency is continuing 
to study risk assessment issues raised in 
these Guidelines, and will revise them in 
line with new information as 
appropriate.Following this preamble are two parts: Part A  is the Guidelines and Part B is the Response to the Public and Science Advisory Board comments submitted in response to the 1988 Proposed Guidelines.References, supporting documents, and comments received on the 1988 Proposed Guidelines, as well as a copy of these final Guidelines for Exposure Assessment are available for inspection at the ORD Public Information Shelf, EPA Headquarters Library (202-260- 5926), 401M  Street, SW ., Washington, DC, between the hours of 8 a.m. and 4:30 p.m.

Dated: April 28,1992.
William K. Reilly,
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UR—Uptake ratePart A: Guidelines for Exposure Assessment1. IntroductionIn 1984, the U. S. Environmental Protection Agency (EPA) initiated a program to ensure scientific quality and technical consistency of Agency risk assessments. One of the goals of the program was to develop risk assessment guidelines that would be used Agencywide. The guidelines development process includes a public review and comment period for all proposed guidelines as well as Agency Science Advisory Board review. Following the review process, the guidelines are revised if needed and then issued as final guidelines. The Guidelines for Estimating Exposures (hereafter “1986 Guidelines“ ) were one of five guidelines issued as final in 1986 (U.S. EPA, 1986a). In 1988, the Proposed Guidelines for Exposure-Related Measurements (hereafter "1988 Proposed Guidelines”) were published in the Federal Register for public review and comment (U.S. EPA, 1988a). The 1988 Proposed Guidelines were intended to be a companion and supplement to the 1986 Guidelines.When proposing the 1988 guidelines, the Agency asked both the EPA Science Advisory Board (SAB) and the public for comments on combining the 1986 and 1988 exposure guidelines into a larger, more comprehensive guideline; the majority of comments received were in favor of doing so. Thus, these 1992 Guidelines for Exposure Assessment (hereafter “Guidelines”) combine, reformat, and substantially update the earlier guidelines. These guidelines make use of developments in the

exposure assessment field since 1988, both revising the previous work and adding several topics not covered in the 1986 or 1988 guidelines, Tlierefore, the 1992 guidelines are being issued by the Agency as a replacement for both the 1986 Guidelines and the 1988 Proposed Guidelines.
1.1. Intended AudienceThis document is intended for exposure and risk assessors in the Agency and those exposure and risk assessment consultants, contractors, or other persons who perform work under Agency contract or sponsorship. Risk managers in the Agency may also benefit from this document since it clarifies the terminology and methods used by assessors, which in some cases could strengthen the basis for decisions. In addition, publication of these guidelines makes information on the principles, concepts, and methods used by the Agency available to other agencies, States, industry, academia, and all interested members of the public.
1.2. Purpose and Scope o f the GuidelinesThere are a number of different purposes for exposure assessments, including their use in risk assessments, status and trends analysis, and epidemiology. These Guidelines are intended to convey the general principles of exposure assessment not to serve as a detailed instructional guide. The technical documents cited here provide more specific information for individual exposure assessment situations. A s the Agency performs more exposure assessments and incorporates new approaches, these Guidelines will be revised.Agency risk assessors should use these Guidelines in conjunction with published guidelines for assessing health effects such as cancer (U.S. EPA, 1986b), developmental toxicity (U.S.EPA, 1991a), mutagenic effects (U.S.EPA, 1986c), and reproductive effects (U.S. EPA, 1988b; U .S. EPA, 1988c).These exposure assessment guidelines focus on human exposure to chemical substances. Much of the guidance contained herein also applies to wildlife exposure to chemicals, or human exposure to biological, physical (Le., noise), or radiological agents. Since these areas present unique challenges, however, assessments on these topics must consider additional factors beyond the scope of these Guidelines.For example, ecological exposure and risk assessment may deal with many species which are interconnected via complex food webs, while these guidelines deal with one species,

humans. While these guidelines discuss 
human exposure on the individual and 
population levels, ecological exposure 
and risk assessments may need to 
address community, ecosystem, and 
landscape levels, also. Whereas 
chemical agents may degrade or be 
transformed in the environment, 
biological agents may of course grow 
and multiply, an area not covered in 
these guidelines. The Agency may, at a 
future date, issue specific guidelines in 
these areas.

Persons subject to these Guidelines 
should use the terms associated with 
chemical exposure assessment in a 
manner consistent with the glossary in 
Section 8. Throughout the public 
comment and SAB review process, the 
Agency has sought definitions that have 
consensus within the scientific 
community, especially those definitions 
common to several scientific fields. The 
Agency is aware that certain well 
understood and widely accepted 
concepts and definitions in the area of 
health physics (such as the definition of 
exposure) differ from the definitions in 
this glossary. The definitions in this 
glossary are not meant to replace such 
basic definitions used in another field of 
science. It was not possible, however, to 
reconcile all the definitions used in 
various fields of science, and the ones 
used in the glossary are thought to be 
the most appropriate for die field of 
chemical exposure assessment

The Agency may, from time to time, 
issue updates of or revisions to these 
Guidelines.
1.3. Organization o f the Guidelines

These Guidelines are arranged in an 
order that assessors commonly use in 
preparing exposure assessments.Section 2 deals with general concepts, section 3 with planning, section 4 with data development,.section 5 with calculating exposures, section 8 with uncertainty evaluation, and section 7 with presenting the results. In addition, these Guidelines include a glossary of terms (section 8) and references to other documents (section 9).
2. General Concepts in Exposure 
Assessment

Exposure assessment in various forms 
dates back at least to the early 
twentieth century, and perhaps before, 
particularly in the fields of epidemiology 
(World Health Organization (WHO], 1983), industrial hygiene (Cook, 1969; 
Paustenbach, 1985), and health physics 
(Upton, 1988). Epidemiology is the study 
of disease occurrence and the causes of 
disease, while the latter fields deal 
primarily with occupational exposure.
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Expostfte assessment combines elements of all three disciplines. This has become increasingly important since the early 1970s due to greater public, academic, industrial, and governmental awareness of chemical pollution problems.Because there is no agreed-upon definition of the point on or in the body where exposure takes place, the terminology used in the current exposure assessment literature is inconsistent. Although there is reasonable agreement that human exposure means contact with the chemical or agent (Allaby, 1983; Environ Corporation, 1988; Hodgson et ah, 1988; U.S. EPA, 1986a), there has not yet been widespread agreement as to whether this means contact with (a) the visible exterior of the person (skin and openings into the body such as mouth and nostrils), or (b) the so-called exchange boundaries where absorption takes place (skin, lung, gastrointestinal tract).1 These different definitions have led to some ambiguity in the use of terms and units for quantifying exposure.2Comments on the 1988 Guidelines and the 1988 Proposed Guidelines suggested that EPA examine how exposure and dose were defined in Agency assessments and include guidance on appropriate definitions and units. After internal discussions and external peer review, it is the Agency’s position that defining exposure as taking place at the visible external boundary, as in (a) above, is less ambiguous and more consistent with nomenclature in other scientific fields. This is a change from the 1986 Guidelines.
Under this definition, it is helpful to 

think of the human body as having a 
hypothetical outer boundary separating 
inside the body from outside the body. 
This outer boundary of the body is the 
skin and the openings into the body 
such as the mouth, the nostrils, and 
punctures and lesions in the skin. As 
used in these Guidelines, exposure to a 
chemical is the contact of that chemical 
with the outer boundary. An exposure 
assessment is the quantitative or

1A  third, less common, scheme is that exposure is 
contact with any boundary outside or inside of the 
body, including internal boundaries around organs, 
etc. This scheme is alluded to, for example, in an 
article prepared by the National Research Council 
(NRC, 1985, p. 91). One could then speak of 
exposure to the whole person or exposure to certain 
internal organs.

2 For example, the amount of food ingested would 
be a dose under scheme (a) and an exposure under 
scheme (b). Since the amount ingested in an animal 
toxicology study is usually termed administered 
dose, this leads to the use of both exposure and 
dose for the same quantity under scheme (b). There 
are several such ambiguities in any of the currently 
used schemes. Brown (1987) provides a discussion 
of various units used to describe exposures due to 
multiple schemes.

qualitative evaluation of that contact; it 
describes the intensity, frequency, and 
duration of contact, and often evaluates 
the rates at which the chemical crosses 
the boundary (chemical intake or uptake 
rates), the route by which it crosses the 
boundary (exposure route; e.g., dermal, 
oral, or respiratory), and the resulting 
amount of the chemical that actually 
crosses the boundary (a dose) and the 
amount absorbed (internal dose).

Depending on the purpose for which 
an exposure assessment will be used, 
the numerical output of an exposure 
assessment may be an estimate of either 
exposure or dose. If exposure 
assessments are being done as part of a 
risk assessment that uses a dose- 
response relationship, the output usually 
includes an estimate of dose.3 Other 
risk assessments, for example many of 
those done as part of epidemiologic 
studies, use empirically derived 
exposure-response relationships, and 
may characterize risk without the 
intermediate step of estimating dose.
2.1. Concepts o f Exposure, Intake, 
Uptake, and Dose

The process of a chemical entering the 
body can be described in two steps: 
contact (exposure), followed by actual 
entry (crossing the boundary). 
Absorption, either upon crossing the 
boundary or subsequently, leads to the 
availability of an amount of the 
chemical to biologically significant sites 
within the body (internal dose4). 
Although the description of contact with 
the outer boundary is simple 
conceptually, the description of a 
chemical crossing this boundary is 
somewhat more complex.

There are two major processes by 
which a chemical can cross the 
boundary from outside to inside the 
body. Intake involves physically moving 
the chemical in question through an 
opening in the outer boundary (usually 
the mouth or nose), typically via 
inhalation, eating, or drinking. Normally 
the chemical is contained in a medium

*The National Research Council’s 1983 report 
Risk Assessment in the Federal Government: 
Managing the Process often addresses the output of 
an exposure assessment as an exposure or a dose 
(NRC 1983, pp. 32, 35-36).

4 These guidelines use the term internal dose to 
refer to the amount of a chemical absorbed across 
the exchange boundaries, such as the skin, lung, or 
gastrointestinal tract. The term absorbed dose is 
often used synonymously for internal dose, although 
the connotation for the term absorbed dose seems 
to be more related to a specific boundary (the 
amount absorbed across a membrane in an 
experiment, for example), while the term internal 
dose seems to connote a more general sense of the 
amount absorbed across one or more specific sites. 
For the purpose of these guidelines, the term 
internal dose is used for both connotations. The 
term internal dose as used here is also consistent 
with how it is generally applied to a discussion of 
biomarkers (NRC, 1989a). It is also one of the terms 
used in epidemiology (NRC, 1985).

such as air, food, or water; the estimate of how much of the chemical enters into the body focuses on how much of the carrier medium enters. In this process, mass transfer occurs by bulk flow, and the amount of the chemical itself crossing the boundary can be described as a chemical intake rate. The chemical intake rate is the amount of chemical crossing the outer boundary per unit time, and is the product of the exposure concentration times the ingestion or inhalation rate. Ingestion and inhalation rates are the amount of the carrier medium crossing the boundary per unit time, such as m3 air breathed/hour, kg food ingested/day, or liters of water consumed/day. Ingestion or inhalation rates typically are not constant over time, but often can be observed to vary within known limits. 3The second process by which a chemical can cross the boundary from outside to inside the body is uptake. Uptake involves absorption of the chemical through the skin or other exposed tissue such as the eye.Although the chemical is often contained in a carrier medium, the medium itself typically is not absorbed at the same rate as the chemical, so estimates of the amount of the chemical crossing the boundary cannot be made in the same way as for intake (see section 2.1.3.). Dermal absorption is an example of direct uptake across the outer boundary of die body.* A  chemical uptake rate is the amount of chemical absorbed per unit time. In this process, mass transfer occurs by diffusion, so uptake can depend on the concentration gradient across the boundary, permeability of the barrier, and other factors. Chemical uptake rates can be expressed as a function of the exposure concentration, permeability coefficient, and surface area exposed, or as a flux (see section 2.1.4.).The conceptual process of contact, then entry and absorption, can be used to derive the equations for exposure and dose for all routes of exposure.
2.1.1. ExposureThe condition of a chemical contacting the outer boundary of a human is exposure. Most of the time, the chemical is contained in air, water, soil, a product, or a transport or carrier medium; the chemical concentration at the point of contact is the exposure

6 Ingestion of food or water is an intermittent 
rather than continuous process, and can be 
expressed as (amount of medium per event) X  
(events per unit clock or calendar time) [the 
frequency of contact]; (e.g., 250 mL of water/glass of 
water ingested x 6 glasses of water ingested/day).

* Uptake through the lung, gastrointestinal tract, 
or other internal barriers also can occur following 
intake through ingestion or inhalation.
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h

E  = f  C(t) dt (2-1)>■where E is the magnitude of exposure, C(t) is the e? posure concentration as a function of time, and t is time, t2 — ti being the exposure duration (ED). If ED is a continuous period of time (e.g., a day, week, year, etc.), then C(t) may be zero during part of this tim e.7 Integrated exposures are done typically for a single individual, a specific chemical, and a particular pathway or exposure route over a given time period.8The integrated exposures for a number of different individuals (a population or population segment, for example), may then be displayed in a histogram or curve (usually, with integrated exposure increasing along the abscissa or x-axis, and the number of individuals at that integrated exposure increasing along the ordinate or y-axis). This histogram or curve is a presentation of an exposure distribution for that population or population segment. The utility of both individual exposure protiles and population exposure distributions is discussed in Section 2.3.
2.1.2. Applied Dose and Potential DoseApplied dose is the amount of a chemical at the absorption barrier (skin, lung, gastrointestinal tract) available for absorption. It is useful to know the applied dose if a relationship can be established between applied dose and internal dose, a relationship that can sometimes be established experimentally. Usually, it is very difficult to measure the applied dose directly, as many of the absorption barriers are internal to the human and are not localized in such a way to make measurement easy. An approximation of applied dose can be made, however,

7 C o n ta ct tim e  (CT) is that part of the exposure 
duration where C(t) does not equal zero; that is, the 
actual time periods (events, episodes) during which 
actual exposure is taking place. The exposure  
duration  as defined here, on the other hand, is a 
time interval of interest for assessment purposes 
during which exposure occurs, either continuously 
or intermittently.

'A n  exposure p a th w a y  is the course a chemical 
takes from its source to the person being contacted. 
A n exposure route is the particular means of entry 
into the body, e.g., inhalation, ingestion, or dermal 
absorption.

using the concept of potential dose9 (Lioy, 1990; NRC, 1990).Potential dose is simply the amount of the chemical ingested, inhaled, or in material applied to the skin. It is a useful term or concept for those instances in which there is exposure to a discrete amount of chemical or transport medium, such as eating a certain amount of food or applying a certain amount of material to the sk in .10The potential dose for ingestion and inhalation is analogous to the administered dose in a dose-response experiment. Human exposure to environmental chemicals is generally inadvertent rather than administered, so in these Guidelines it is termed potential dose rather than administered dose. Potential dose can be used for dose- response relationships based on administered dose.For the dermal route, potential dose is the amount of chemical applied, or the amount of chemical in the medium applied, for example as a small amount of particulate deposited on the skin.Note that as all of the chemical in the particulate is not contacting the skin, this differs from exposure (the concentration in the particulate times the time of contact) and applied dose (the amount in the layer actually touching the skin).The applied dose, or the amount that reaches the exchange boundaries of the skin, lung, or gastrointestinal tract, may often be less than the potential dose if the material is only partly bioavailable. Where data on bioavailability are known, adjustments to the potential dose to convert it to applied dose and internal dose may be made. 11
'Potential dose is the potential amount of the 

chemical that could be absorbed if it were 100% 
bioavailable. Note, however, that this does not 
imply that 100% bioavailability or 100% absorption 
is assumed when using potential dose. The 
equations and discussion in this chapter use 
potential dose as a measurable quantity that can 
then be converted to applied or absorbed dose by 
the use of the appropriate factors. Potential dose is 
a general term referring to any of the exposure 
routes. The terms respiratory dose, oral dose, or 
dermal dose are sometimes used to refer to the 
route-specific potential doses.

10 It is not useful to calculate potential doses in 
cases where there is partial or total immersion in a 
fluid such as air or water. In these cases, it is more 
useful to describe the situation in terms of exposure 
(concentration of the chemical in the medium times 
the time of contact) or absorbed dose. For cases 
such as contact with water in a swimming pool, the 
person is not really exposed to the entire mass of 
the chemical that would be described by a potential 
dose. Nor is it useful to calculate dermal applied 
doses because the boundary layer is being 
constantly renewed. The use of alternate ways to . 
calculate a dose that might occur while swimming is 
discussed in Section 2.I.4.2., in conjunction with 
Equations 2-7 and 2-8.

“ This may be done by adding a bioavailability 
factor (range: 0 to 1) to the dose equation. The 
bioavailability factor would then take into account

2.1.3. Internal DoseThe amount of a chemical that has been absorbed and is available for interaction with biologically significant receptors is called the internal dose. Once absorbed, the chemical can undergo metabolism, storage, excretion, or transport within the body. The amount transported to an individual organ, tissue, or fluid of interest is termed the delivered dose. The delivered dose may be only a small part of the total internal dose. The biologically effective dose, or the amount that actually reaches cells, sites, or membranes where adverse effects occur (NRC, 1990, p. 29), may only be a part of the delivered dose, but it is obviously the crucial part. Currently, most risk assessments dealing with environmental chemicals (as opposed to pharmaceutical assessments) use dose- response relationships based on potential (administered) dose or internal dose, since the pharmacokinetics necessary to base relationships on the delivered dose or biologically effective doses are not available for most chemicals. This may change in the future, as more becomes known about the pharmacokinetics of environmental chemicals.Doses are often presented as dose rates, or the amount of a chemical dose (applied or internal) per unit time (e.g., mg/day), or as dose rates on a per-unit- body-weight basis (e.g., mg/kg/day).Distributions of individual doses within a population or population segment may be displayed in a histogram or curve analogous to the exposure distributions described in section 2.1.1. The utility of individual dose profiles, as well as the utility of population distributions of dose are described more fully in section 2.3.
2.1.4. Exposure and Dose RelationshipsDepending on the use of the exposure assessment, estimates of exposure and dose in various forms may be required.• Exposure concentrations are useful when comparing peak exposures to levels of concern such as short-term exposure limits (STELs). They are typically expressed in units such as fig/m3, mg/m3, mg/kg, pg/L, mg/L, ppb, or ppm.• Exposure or dose profiles describe the exposure concentration or dose as a function of time. Concentration and time are used to depict exposure, while amount and time characterize dose;
the ability of the chemical to be extracted from the 
matrix, absorption through the exchange boundary, 
and any other losses between ingestion and contact 
with the lung or gastrointestinal tract. When no data 
or information are available to indicate otherwise, 
the bioavailability factor is usually assumed to be 1.
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graphical or tabular presentations may be used for either type of profile.Such profiles are very important for use in risk assessment where the severity of effect is dependent on the pattern by which the expo sine occurs rather than the total (integrated) exposure. For example, a developmental toxin may only produce effects if exposure occurs during a particular stage of development. Similarly, a single acute exposure to very high contaminant levels may induce adverse effects even if the average exposure is much lower than apparent no-effect levels. Such profiles will become increasingly important as biologically based dose- response models become available.• Integrated exposures are useful when a total exposure for a particular route (i.e., the total for various pathways leading to exposure via the same route) is needed. Units of integrated exposure are concentration times time. The integrated exposure is the total area under the curve of the exposure profile (Equation 2-1). Note that an exposure profile (a picture of exposure concentration over time) contains more information than an integrated exposure (a number), including the duration and periodicity of exposure, the peak exposure, and the shape of the area under the time-concentration curve.• Time-weighted averages are widely used in exposure assessments, especially as part of a carcinogen risk assessment. A  time-weighted average exposure concentration (units of

concentration) is the integrated exposure divided by the period where exposure occurs, and is useful in some of the equations discussed below in estimating dose. A  time-weighted average dose rate is the total dose divided by the time period of dosing, usually expressed in units of mass per unit time, or mass/time normalized to body weight (e.g., mg/kg/day). Time- weighted average dose rates such as the lifetime average daily dose (LADD) are often used in dose-response equations to estimate effects or ris k .12The discussion in the next three sections focuses on exposure via inhalation, oral intake, and dermal absorption. Other exposure routes are possible, however, including direct introduction into the bloodstream via injection or transfusion, contamination of exposed lesions, placental transfer, or use of suppositories. The exposures and doses for these routes can be calculated
*  Current carcinogen risk models, such as the 

linearized multistage procedure and other linear 
nonthreshold models, use lifetime exposures to 
develop the dose-response relationships, and 
therefore u%e lifetime time-weighted average 
exposures to estimate risks. Within the range of 
linearity for risk, this procedure effectively treats 
exposures and doses as a series of "units,” with 
each unit of dose being equal to any other unit of 
dose in terms of risk potential without respect to 
prior exposure or dose patterns. Current research in 
the held of dose-response modeling is focusing on 
biologically based dose-response models which 
may take into account the effects of the exposure or 
dose patterns, making use of all of the information 
in an exposure or dose profile. For a more indepth 
discussion on the implications of the use of time- 
weighted averages, see Atherley (1985).

in a similar manner, depending on whether an intake or uptake process is involved.Although equations for calculating exposure, dose, and their various averages are in widespread use in exposure assessment, the assessor should consider the implications of the assumptions used to derive the equations. Simplifying assumptions used in deriving the equations may mean that variations in exposure concentration, ingestion or inhalation rate, permeability coefficient, surface area exposed, and absorption fraction can introduce error into the estimate of dose if average values are used, and this must be considered in the evaluation of uncertainty (section 6).
2.1.4.1. Calculating Potential Dose for 
Intake ProcessesThe general equation for potential dose for intake processes, e.g., inhalation and ingestion (see Figure 2-1 for illustration of various exposures and doses) is simply the integration of the chemical intake rate (concentration of the chemical in the medium times the intake rate of the medium, C  times IR) over time:

h

D PC = / C(t) imdt (2-2)*1where Dpot is potential dose and IR(t) is the ingestion or inhalation rate.
BILLING CODE 6560-50-M
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The quantity t*-ti, as before, represents the period of time over which exposure is being examined, or the exposure duration (ED). The exposure duration may contain times where the chemical is in contact with the person, and also times when C(t) is zero.Contact time represents the actual time period where the chemical is in contact with the person. For cases such as ingestion, where actual contact with food or water is intermittent, and consequently the actual contact time may be small, the intake rate is usually expressed in terms of a frequency of events (e.g., 8 glasses of water consumed per day) times the intake per event (e.g., 250 mL of water/glass of water consumed). Intermittent air exposures (e.g., 8 hours exposed/day times one cubic meter of air inhaled/ hour) can also be expressed easily using exposure duration rather than contact time. Hereafter, the term exposure duration will be used in the examples below to refer to the term ta-ti, since it occurs frequently in exposure assessments and it is often easier to use.Equation 2-2 can also be expressed in discrete form as a summation of the doses received during various events i:
C r X ' ED,(2-3)

»

¿ “ W  = [

where ADDpot is the average daily potential dose. BW is body weight, and AT  is the time period over which the dose is averaged (converted to days). As with Equation 2-4, the exposure concentration C  is best expressed as an estimate of the arithmetic mean
a d d ^  i  c

The LADD is a very common term used in carcinogen risk assessment where linear nonthreshold models are employed.

where EDj is the exposure duration for event i. If C  and DR are nearly constant (which is a good approximation if the contact time is very short), Equation 2-3 becomes:
= C  IR ED (2-4)where ED is the sum of the exposure_ durations for all events, and C  and IR  are the average values for these parameters. Equation 2-4 will not necessarily hold in cases where C  and IR vary considerably. In those cases, Equation 2-3 can be used if the exposure can be broken out into segments where C  and IR are approximately constant. If even this condition cannot be met, Equation 2-2 may be used.For risk assessment purposes, estimates of dose should be expressed in a manner that can be compared with available dose-response data. Frequently, dose-response relationships are based on potential dose (called administered dose in animal studies), although dose-response relationships are sometimes based on internal dose.Doses may be expressed in several different ways. Solving Equations 2-2, 2-3, or 2-4, for example, gives a total dose accumulated over the time in question. The dose per unit time is the dose rate, which has units of mass/time

C  IR E D ]  i  [ B W  A T ]

regardless of the distribution of the data. Again, using average values for C  and IR in Equation 2-5 assumes that C  and IR are approximately constant,For effects such as cancer, where the biological response is usually described in terms of lifetime probabilities, even
IR E D ]  I [ BW  :  L T ]

2.1.4.2. Calculating Internal Dose for 
Uptake Processes (Especially via the 
Dermal Route)For absorption processes, there are two methods generally in use for calculating internal dose. The first, commonly used for dermal absorption from a liquid where at least partial immersion occurs, is derived from the equation for internal dobe. Dint, which is analogous to Equation 2-2 except that

(e.g., mg/day). Because intake and uptake can vary, dose rate is not necessarily constant. An average dose rate over a period of time is a useful number for many risk assessments.Exposure assessments should take into account the time scale related to the biological response studied unless the assessment is intended to provide data on the range of biological responses (NRC, 1990, p. 28). For many noncancer effects, risk assessments consider the period of time over which the exposure occurred, and often, if there are no excursions in exposure that would lead to acute effects, average exposures or doses over the period of exposure are sufficient for the assessment. These averages are often in the form of average daily doses (ADDs).An ADD can be calculated from Equation 2-2 by averaging Dp* over body weight and an averaging time, provided the dosing pattern is known so the integral can be solved. It is unusual to have such data for human exposure and intake over extended periods of time, so some simplifying assumptions are commonly used. Using Equation 2-4 instead of 2-2 or 2-3 involves making steady-state assumptions about C  and IR, but this makes the equation for ADD easier to solve.13 For intake processes, then, using Equation 2-4, this becomeis:

(2-5)

though exposure does not occur over the entire lifetime, doses are often presented as lifetime average daily doses (LADDs). The LADD takes the form of Equation 2-5, with lifetime (LT) replacing the averaging time (AT):
(2-6)

the chelnical uptake rate (C • Kp • SA) replaces the chemical intake rate (C • IR). Thus,
h-  f  C(!t) • Kp > SA(t) dt (2-7)

“ The assessor should keep in mind that this 
steady state assumption has been made when using 
Equation 2-5. and should be able to discuss what 
effect using average values for C, IR, and ED has on 
the resulting estimate.



22896 Federal Register / Vol. 57, No. 104 / Friday, M a y 29, 1992 / Noticeswhere Kp is the permeability coefficient, and SA  is the surface area exposed. Both C  and SA  will vary over time, and although Kp may not vary over time, it may vary over different parts of the body. Unlike the intake processes, where the rate of the carrier medium crossing the boundary can be observed or measured, the carrier may or may not cross the absorption barrier; the equations must be in terms of the

jt

(The corresponding LADDiBt would be obtained by substituting LT for AT.) This is the method to use when calculating internal dose for a swimmer. The total body surface area (SA) is assumed to be exposed to a layer of water with an average chemical concentration C  for a period of time (ED). It is not necessary to know the mass of the chemical that comes in contact with the skin. The assumptions necessary in going from Equation 2-7 to Equation 2-9 are comparable to those

chemical itself crossing. The flow of the chemical across the barrier (or flux, J) is not directly measurable, and is dependent on many factors including the nature of the chemical, the nature of the barrier, active transport versus passive diffusion processes, and the concentration of the chemical contacting the barrier. The relationship between the flux and the exposure concentration14 is usually expressed as a permeability coefficient, Kp, which is
K„ SA • ED  ] I I B• ]

made in deriving Equation 2-5. Recall that both C  and SA  will vary over time, and Kp may not be constant over different parts of the body. If the assumption used to derive Equation 2-5 (that these variables are nearly constant) does not hold, a different form of the equation having several terms must be used.The second method of calculating internal dose uses empirical observations or estimates of the rate that a chemical is absorbed when a dose
D Po, “ C  ■ MmSum = C  - F ^  SA ED

where Dpot is potential dose, M medluin is amount of soil applied, and Fadh is the adherence factor for soil (the amount of soil applied to and adhering to the skin on a unit surface area per unit time).The relationship between potential dose and applied dose for dermal exposures is that potential dose includes thè amount of the chemical in the total amount of medium contacting the skin,e.g., the amount of chemical in the soil whether or not all the chemical itself ever comes in direct contact, and applied dose includes only that amount of the chemical which actually directly
14 This relationship is described by Fick's Law, 

where I =  Kp • C  where C  represents the steady- 
state concentration of the chemical,) is the steady- 
state flux, and Kp is the permeability coefficient.

“ The permeability coefficient. Kp. can be 
experimentally calculated for a chemical and a 
particular barrier (e.g., skin type) by observing the

touches the skin. Theoretically, the 
relationship between the applied dose 
(Dapp) and the internal (or absorbed) 
dose (DinO can be thought of as:

h

A . -  f it )  d t  (2-11)

where f(t) is a complicated nonlinear 
absorption function, usually not 
measurable, having the dimensions of 
mass absorbed per mass applied per 
unit time. The absorption function will

flux rate in vitro (typical units: mg chemical 
crossing/sec-cm *}, and dividing it by the 
concentration of the chemical in the medium in 
contact with the barrier (typical units: mg chemical/ 
cm s). This allows the relationship between bulk 
concentration and the crossing of the chemical itself 
to be made. Kp has the advantage of being fairly

experimentally measurable.15 The internal dose that is analogous to the potential dose in Equation 2-4 would be;
Dm  = C • Kp ■ SA ■ ED(2-8)

where SA  is the average surface area 
exposed and the ADDtnt (average daily 
internal dose) becomes:

(2-9)

is administered or applied. It is useful when a small or known amount of material (such as a particulate) or a chemical (such as a pesticide) contacts the skin. The potential dose of a chemical to the skin, Dpot, can often be calculated from knowing the concentration (C) and the amount of carrier medium applied (Mm^^n), either as a whole or on a unit surface area basis. For example, potential dose from dermal contact with soil can be calculated using the following equation:
(2- 10)

vary due to a number of factors (concentration gradient of chemical, carrier medium, type of skin, skin moisture, skin condition, etc.). If f(t) could be integrated over time from the start of exposure until time T, it would yield the absorption fraction, AF, which is the fraction of the applied dose that is absorbed after time T. The absorption fraction is a cumulative number and can increase with time to a possible maximum of 1 (or 100% absorption), but due to competing processes may reach steady state long before reaching 100% absorption. Equation 2-11 then becomes:
constant over a range of concentrations and can be 
used for concentrations other than the one used iri 
the experiment. The chemical uptake rate, relating 
the crossing of the barrier of the chemical itself in 
terms of the bulk concentration, then becomes C  
times Kp times the surface area exposed (SA).
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J>uu -  Dvp ■ (2-12)

where AF is the absorption fraction in 
units of mass absorbed/mass applied 
(dimensionless).

where Mmediuin is the mass of the bulk material applied to the skin. For reasons explained below, this approximation will by no means always give credible results. The key is whether all the chemical contained in the bulk medium can actually contact the skin. Although with certain liquids or small amounts of material, the applied dose may be approximately equal to the potential dose, in cases where there is contact with more than a minimal amount of soil, there is research that indicates that using this approximation may cause serious error (Yang et al., 1989). When this approximation does not hold, the assessor must make assumptions about how much of the bulk material actually contacts the skin, or use the first method of estimating internal dose outlined above.Unfortunately, almost no data are available concerning the relationship between potential dose and applied dose for dermal exposures.Experimental data on absorption fractions derived for soil commonly use potential dose rather than applied dose, which may make the experimental data at least in part dependent on experimental conditions such as how much soil was applied. If the exposure assessment conditions are similar to those in the experiment, this would not usually introduce much error, but if the conditions vary widely, the error introduced may be difficult to determine.As a practical matter, estimates of absorption fraction are often crude approximations and may be difficult to refine even if some data from experiments are available in the published literature. Typically, absorption experiments report results as an absorption fraction after a given time (e.g., 50% after 24 hours). Since absorption fraction is a function of several variables such as skin temperature, pH, moisture content, and

If one assumes that all the chemical 
contained in the bulk material will 
eventually come in contact with the 
skin, then Dapp equals Dpot and using 
Equation 2-12, the Dint equation 
becomes:

exposed surface area, as well as 
characteristics of the matrix in which 
the chemical occurs (e.g., soil particle 
size distribution, organic matter content, 
and moisture content), it is often 
difficult to make comparisons between 
experimental data and conditions being 
considered for an assessment.

With single data points, it may not be 
clear whether the experiment reached 
steady state. If several data points are 
available from different times in the 
experiment, a plot of absorption fraction 
vs. time may be instructive. For 
chemicals where data are available for 
steady-state conditions, the steady-state 
value will probably be a good 
approximation to use in assessments 
where exposure duration is at least this 
long, provided the conditions in the 
experiment are similar to those of the 
case being assessed. Assessors should 
be very cautious in applying absorption 
fractions for moderately absorbed 
chemicals (where observed 
experimental absorption fractions are 
not in the steady-state part of the 
cumulative curve), or in using 
experimental data for estimates of 
absorption over a much shorter duration 
than in the experiment.In almost all cases, the absorption fraction method of estimating internal dose from applied dose gives only an approximation of the internal dose. The interested reader is referred to U .S. EPA (1992b) for more thorough guidance on dermal exposure assessment.
2.I.4.3. Calculating Internal Dose for 
Intake Processes (Especially via 
Respiratory and Oral Routes)

Chemicals in air, food, or drinking 
water normally enter the body through 
intake processes, then are subsequently 
absorbed through internal uptake 
processes in the lung or gastrointestinal 
tract. Sometimes it is necessary to 
estimate resulting internal dose, Dtat, 
after intake. In addition, if enough is

“  D p o ,  • A F  (2-13)

and (using Equations 2-9 and 2-10) consequently:
(2-14)

known about the pharmacokinetics of the chemical to make addition of doses across routes a meaningful exercise, the doses must be added as internal dose, not applied dose, potential dose, or exposure.Theoretically, one could calculate Dtat in these cases by using an equation similar to Equation 2-7; but C  in that equation would become the concentration of the chemical in the lung or gastrointestinal tract, S A  would be the internal surface area involved, and Kp would be the permeability coefficient of the lung or gastrointestinal tract lining. Although data from the pharmaceutical field may be helpful in determining, for example, internal surface areas, all of the data mentioned above are not known, nor are they measurable with current instrumentation.Because Equations 2-2 through 2-4 estimate the potential dose D„ot. which is the amount ingested or inhaled, and Equations 2-11 and 2-12 provide relationships between the applied dose 
(Dapp) and internal dose (Dint), all that is necessary is a relationship between potential dose and applied dose for intake processes. Again, data on this topic are virtually nonexistent so a common assumption is that for intake processes, the potential dose equals the applied dose. Although arguments can be made that this assumption is likely to be more nearly accurate than for the case of soil contact, the validity of this assumption is unknown at this point. Essentially, the assumption of equality means that whatever is eaten, drunk, or inhaled touches an absorption barrier inside the person.Assuming potential dose and applied dose are approximately equal, the internal dose after intake can be estimated by combining Equations 2-2 or 2-3 and 2-10 or 2-11. Using Equations 2-3 and 2-11, this becomes:

= [ C  • • A F ]  I [ B W  A T ]
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D u *  "  D ap p ' A F  m - A F  =  C  i k  E D  A F  ( 2 - 1 5 )

The ADDtot for the two-step intake/ uptake process becomes:
ADDm  -  A D D ^  A F  = [ C  ED  / [ (2-16)

Using average values for C  and IR in Equations 2-15 and 2-16 involves the same assumptions and cautions as were discussed in deriving the ADD and LADD equations in the previous two sections, and of course, the same
cautions apply to the use of the absorption fraction as were outlined in section 2.I.4.2. 2.1.5. Summary o f Exposure and Dose 

Terms With Example UnitsTable 2-1 provides a summary of the exposure and dose terms discussed in section 2.1, along with examples of units commonly used.
Table 2-1.— Explanation of Exposure and Dose T erms.

T e rm Refers to G en eric  units

E x p o s u re ................... „ ................ C ontact of chem ical with outer boundary of 
a  person, e.g ., skin, nose, m outh.

Concentration x  t im e ............

Potential D o s e ............... A m ount of a  chem ical contained in m ateri- 
al ingested, air breathed, or bulk material 
applied to the skin.

M ass of the ch em ical:............

Applied D o s e .................. A m ount of chem ical in contact with the 
prim ary absorption boundaries (e .g., skin, 
lungs, gastrointestinal tract) an d  avail
able for absorption.

Internal (A bsorbe d) D o se ...... T h e  am ount of a  chem ical penetrating 
across an absorption barrier o r ex
ch an ge boundary via either physical or 
biological processes.

A m ou nt of chem ical available for interac
tion with an y particular organ or cell.

A s  a b o v e ......................... , .......

Delivered D o s e ........................

Specific exam ple units

Derm al: (m g ch e m /L  w ater) x  (hrs of contact)
(m g  ch em /k g soil) x (hrs of contact)
Respiratory: (p pm  ch em  In air) x  (hrs of contact)
O ig/m * air) x  (d ays of contact)
O ral: (m g  c h e m /L  w ater) x (m in of contact)
(m g chem /kg food) (m in of contact)
D erm al: (m g chem /kg soil) x  (kg soil on skin) =  m g 

ch e m  in soil applied to skin 
Dose rate is m ass of the chem ical/tim e;
T h e  dose rate is som etim es norm alized to bo dy w eigh t 

m ass of chem ical/unit bo dy w eight x  time 
Respiratory: ( x g  c h e m /m 3 air) x  (m * air breathed/m in) 

x  (m in exposed) =  x g  chem ical in air breathed 
O ra l: (m g c h e m /L  w ater) x  (L  water consum ed/day) x  

days exposed =  m g chem ical ingested in water 
(also do se  rate: m g/day)
D erm al: (m g  ch em /k g soil) x (kg soil directly touching 

skin) x ( %  of chem  in soil actually touching ¿ «in ) m m g 
ch em  actually touching skin

Respiratory: ( x g  c h e m /m 3 air) x  (m * air directly touching 
lung) ( %  of chem ical actually touching lung) =  m g 
chem ical actually touching lung absorption barrier 

O ra l:(m g chem /kg food) X  (kg food consum ed/day) x  ( %  
of chem ical touching g.i. tract) =  m g chem ical actually 
touching g.i. tract absorption barrier 

(a lso absorbed do se  rate: m g/d ay) chem ical available to 
organ or cell

(d ose  rate: m g chem ical available to organ/day)
D erm al: m g chem ical absorbed through skin
Respiratory: m g chem ical absorbed via lung
O ral: m g chem ical absorbed via g.i. tract
(d ose  rate: m g chem ical absorbed/day or m g/kg x  day)
m g chem ical available to organ o r cell
(d ose  rate: m g chem ical available to organ/day)

2.2. Approaches to Quantification o f 
ExposureAlthough exposure assessments are done for a variety of reasons (see Section 3), the quantitative exposure

estimate can be approached from three different w ays:16
‘•These three w a y s  are approaches for a rriv in g  at 

a q uantitative estim ate o f exposure. Som etim es the 
approaches to assessing exposure are described in  
term s o f “ direct m easures" a n d  “ ind irect m easures" 
o f exposure (e.g., N R C , 1990). M easurem ents that 
actu a lly  in v o lve  sam pling on o r w ith in  a person, for

exam ple , use o f personal m onitors a n d  biom arkere, 
are term ed “ direct m easures" o f  exposure. U se  of 
m odels, m icro e nviro nm en ta l m easurem ents, an d  
questionnaires, w h e re  m easurem ents do not 
actu a lly  in v o lve  personal m easurem ents, are term ed 
“ ind irect m easures”  o f exposure. T h e  direct/indirect 
nom enclature focuses on the type o f measurem ents 
being m ade; the scenario e va luation /po in t-o f- 
contact/reconstruction no m enclature focuses onContinued



Federal Register / Vol. 57, N o. 104 / Friday» M a y  29, 1992 / Notices 228991. The exposure can be measured at the point of contact (the outer boundary of the body) while it is taking place, measuring both exposure concentration and time of contact and integrating them (point-of-contact measurement),2. H ie exposure can be estimated by separately evaluating the exposure concentration and the time of contact, then combining this information (scenario evaluation),3. The exposure can be estimated from dose, which in turn can be reconstructed through internal indicators (biomarkers,17 body burden, excretion levels, etc.) after the exposure has taken place (reconstruction).Hiese three approaches to quantification of exposure (or dose) are independent, as each is based on different data. The independence of the three methods is a useful concept in verifying or validating results. Each of the three has strengths and weaknesses; using them in combination can considerably strengthen the credibility of an exposure or risk assessment Sections 2.2.1 through 2.2.3 briefly describe some of the strengths and weaknesses of each approach.
2.2.1. Measurement o f Exposure at the 
Point-of-ContactPoint-of-contact exposure measurement evaluates the exposure as it occurs, by measuring the chemical concentrations at the interface between the person and the environment as a function of time, resulting in an exposure profile. The best known example of the point-of-contact measurement is the radiation dosimeter. This small badge-like device measures exposure to radiation as it occurs and provides an integrated estimate of exposure for the period of time over which the measurement has been taken. Another example is the Total Exposure Assessment Methodology (TEAM) studies (U.S. EPA, 1987a) conducted by the EPA. In the TEAM  studies, a sm all pump with a collector and absorbent was attached to a person's clothing to measure his or her exposure to airborne solvents or other pollutants as it occurred. A  third example is the carbon monoxide (CO) point-of-contact measurement studies where subjects carried a small C O  measuring device for several days (U.S. EPA, 1984a). Dermal patch studies and duplicate meal studies
how the data are used to develop the dose estimate. 
The three-term nomenclature is used in these 
guidelines to highlight the point that three 
independent estimates of dose can be developed.

17 Biomarkers can be used to study exposure, 
effects, or susceptibility. The discussion of 
biomarkers in these guidelines is limited to their use 
in indicating exposure.

are also point-of-contact measurement studies. In all of these examples, the measurements are taken at die interface between the person and the environment while exposure is occurring. Use of these data for estimating exposures or doses for periods that differ from those for which the data are collected (e.g., for estimates of lifetime exposures) will require some assumptions, as discussed in Section5.3.1.The strength of this method is that it measures exposure direcdy, and providing that the measurement devices are accurate, is likely to give the most accurate exposure value for the period of time over which the measurement was taken. It is often expensive, however, and measurement devices and techniques do not currendy exist for all chemicals. This method may also require assumptions to be made concerning the relationship between short-term sampling and long-term exposures, if appropriate. This method is also not source-specific, a limitation when particular sources will need to be addressed by risk managers.
2.2.2. Estim ates o f Exposure from  
Scenario EvaluationIn exposure scenario evaluation, the assessor attempts to determine the concentrations of chemicals in a medium or location and link this information with the time that individuals or populations contact the chemical. The set of assumptions about how this contact takes place is an exposure scenario. In evaluating exposure scenarios, the assessor usually characterizes the chemical concentration and the time of contact separately. This may be done for a series of events, e.g., by using Equation 2-3, or using a steady-state approximation, e.g., using Equation 2-4.The goal of chemical concentration characterization is to develop estimates of exposure concentration. H ns is typically accomplished indirectiy by measuring, modeling, or using existing data on concentrations in the bulk media, rather than at the point of contact. Assuming the concentration in the bulk medium is the same as the exposure concentration is a clear source of potential error in the exposure estimate and must be discussed in the uncertainty analysis. Generally, the closer the medium can be measured to the point of contact (in both space and time), the less uncertainty there is in the characterization of exposure concentration.The goal of characterizing time of contact is to identify who is exposed and to develop estimates of the

frequency and duration of exposure. Like chemical concentration characterization, this is usually done indirectly by use of demographic data, survey statistics, behavior observation, activity diaries, activity models, or, in the absence of more substantive information, assumptions about behavior.The chemical concentration and population characterizations are ultimately combined in an exposure scenario, and there are various ways to accomplish this. One of the major problems in evaluating dose equations such as Equations 2-4 through 2-6 is that the limiting assumptions or boundary conditions used to derive them (e.g., steady-state assumptions; see section 2.1.4.) do not always hold true. Two major approaches to this problem are (1) to evaluate the exposure or dose equation under conditions where the limiting assumptions do hold true, or (2) to deal with the uncertainty caused by the divergence from the boundary conditions. As an example of the first way, the microenvironment method, usually used for evaluating air exposures, evaluates segments of time and location where the assumption of constant concentration is approximately true, then sums over all such time segments for a total exposure for the respiratory route, effectively removing some of the boundary conditions by falling back to the more general Equation 2-3. While estimates of exposure concentration and time-of- contact are still derived indirectly by this method, the concentration and time- of-contact estimates can bp measured for each microenvironment. This avoids much of the error due to using average values in cases where concentration varies widely along with time of contact.18As examples of the second approach, there are various tools used to describe uncertainty caused by parameter variation, such as Monte Carlo analysis (see section 5). Section 6 discusses some of these techniques in more detail.One strength of the scenario evaluation approach is that it is usually the least expensive method of the three.
“ This technique still may not deal effectively 

with the problem of short-term “peak 
concentrations“ exceeding some threshold leading 
to an acute effect. Even the averaging process used 
in a microenvironment may miss significant 
concentration spikes and average them out to lower 
concentrations which are apparently less 
toxicologicaily significant. A  similar problem exists 
when evaluating sources; a “peak release“ of a toxic 
chemical for a short time may cause serious acute 
effects, even though the average concentration over 
a longer period of time might not indicate serious 
chronic effects.



22900 Federal Register / Vol. 57, No. 104 / Friday, M a y 29, 1992 / NoticesAlso, it is particularly suited to analysis of the risk consequences of proposed actions. It is both a strength and a weakness of scenario development that the evaluation can be performed with little or no data; it is a technique that is best used when some knowledge exists about the soundness, validity, and uncertainty of the underlying assumptions.
2.2.3. Exposure Estimation by 
Reconstruction o f Internal DoseExposure can also be estimated after it has taken place. If a total dose is known, or can be reconstructed, and information about intake and uptake rates is available, an average past exposure rate can be estimated. Reconstruction of dose relies on measuring internal body indicators after exposure and intake and uptake have already occurred, and using these measurements to back-calculate dose. However, the data on body burden levels or biomarkers cannot be used directly unless a relationship can be established between these levels or biomarker indications and internal dose, and interfering reactions (e.g., metabolism of unrelated chemicals) can be accounted for or ruled out. Biological tissue or fluid measurements that reveal the presence of a chemical may indicate directly that an exposure has occurred, provided the chemical is not a metabolite of other chemicals.Biological monitoring can be used to evaluate the amount of a chemical in the body by measuring one or more of the following items. Not all of these can be measured for every chemical:• The concentration of the chemical itself in biological tissues or sera (blood, urine, breath, hair, adipose tissue, etc.),• The concentration of the chemical’s metabolite(s),• The biological effect that occurs as a result of human exposture to the chemical (e.g., alkylated hemoglobin or changes in enzyme induction), or• The amount of a chemical or its metabolites bound to target molecules.The results of biomonitoring can be used to estimate chemical uptake during a specific interval if background levels do not mask the marker and the relationships between uptake and the marker selected are known. The time of sampling for biomarkers can be critical. Establishing a correlation between exposure and the measurement of the marker, including pharmacokinetics, can help optimize the sampling conditions.The strengths of this method are that it demonstrates that exposure to and absorption of the chemical has actually taken place, and it theoretically can give a good indication of past exposure. The

drawbacks are that it will not work for every chemical due to interferences or the reactive nature of the chemical, it has not been methodologically established for very many chemicals, data relating internal dose to exposure are needed, and it may be expensive.
2.3. Relationships o f Exposure and Dose 
to R iskExposure and dose information are often combined with exposure-response or dose-response relationships to estimate risk, the probability of an adverse effect occurring. There are a variety of risk models, with various mathematical relationships between risk and dose or (less frequently) exposure.A  major function of the exposure assessment as part of a risk assessment is to provide the exposure or dose values, and their interpretations.The exposure and dose information available will often allow estimates of individual risk or population risk, or both. Presentation of risks in a risk assessment involves more than merely a numerical value, however. Risks can be described or characterized in a number of different ways. This section discusses the relationships between exposure and dose and a series of risk descriptors.In preparing exposure information for use in a risk assessment, the use of several descriptors, including descriptors of both individual and population risk, often provides more useful information to the risk manager than a single descriptor or risk value. Developing several descriptors may require the exposure assessor to analyze and evaluate the exposure and dose information in several different ways. The exposure assessor should be aware of the purpose, scope, and level of detail of the assessment (see Sections 3.1 through 3.3) before gathering data, since the types and amounts of data needed may differ. The questions that need to be addressed as a result of the purpose of the assessment determine the type of risk descriptors used in the assessment.
2.3.1. Individual R iskIndividual risk is risk borne by individual persons within a population. Risk assessments almost always deal with more than a single individual. Frequently, individual risks are calculated for some or all of the persons in the population being studied, and are then put into the context of where they fall in the distribution of risks for the entire population. Descriptions of individual risk can take various forms, depending on the questions being addressed. For the risk manager, there are often key questions in mapping out a strategy for dealing with individual risk.

For cancer (or when possible, noncancer) assessments, the risk manager may need answers to questions such as:• Are individuals at risk from exposure to the substances under study? Although for substances, such as carcinogens, that are assumed to have no threshold, only a zero dose would result in no excess risk; for noncarcinogens, this question can often be addressed. In the case of the use of hazard indices, where exposures or doses are compared to a reference dose or some other acceptable level, the risk descriptor would be a statement based on the ratio between the dose incurred and the reference dose.• To what risk levels are the persons at the highest risk subjected?• Who are these people, what are they doing, where do they live, etc., and what might be putting them at this higher risk?• Can people with a high degree of susceptibility be identified?• What is the average individual risk? In addressing these questions, risk descriptors may take any of several forms:• An estimate of the probability that an individual in the high end of the distribution may suffer an adverse effect, along with an explanation (to the extent known) of the (exposure or susceptibility) factors which result in their being in the high end;• An estimate of the probability that an individual at the average or median risk may suffer an adverse effect; or• An estimate of the probability that an individual will suffer an adverse effect given a specific set of exposure circumstances.Individuals at the high end of the risk distribution are often of interest to risk managers when considering various actions to mitigate risk. These individuals often are either more susceptible to the adverse health effect than others in the population or are highly exposed individuals, or both.Higher susceptibility may be the result of a clear difference in the way the chemical is processed by the body, or it may be the result of being in the extreme part of the normal range in metabolism for a population. It may not always be possible to identify persons or subgroups who are more susceptible than the general population. If groups of individuals who have clearly different susceptibility characteristics can be identified, they can be treated as a separate subpopulation, and the risk assessment for this subgroup may require a different dose-response relationship from the one used for the
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general population. When highly susceptible individuals can be identified, but when a different dose- response relationship is not appropriate or feasible to develop, the risks for these individuals are usually treated as part of the variability of the general population.Highly exposed individuals have been described in the literature using many different terms. Due to unclear definitions, terms such as most exposed individual,19 worst case exposure,20 and reasonable worst case exposure 21 have sometimes been applied to a variety of 
ad hoc estimates with unclear target ranges. The term most exposed individual has often been used synonymously with worst case exposure, that is, to estimate the exposure of the individual with the highest actual or possible exposure. An accurate estimate of the exposure of the person in the distribution with the highest exposure is extremely difficult to develop; uncertainty in the estimate usually increases greatly as the more extreme ends of the distribution are approached. Even using techniques such as Monte Carlo simulations can result in high uncertainty about whether the estimate is within, or above, the actual exposure distribution.For the purpose of these guidelines, a high end exposure estimate is a plausible estimate of the individual exposure for those persons at the upper end of an exposure distribution. The intent of this designation is to convey an estimate of exposures in the upper range of the distribution, but to avoid estimates that are beyond the true distribution. Conceptually, the high end of the distribution means above the 90th

19 The uppermost portion of the high-end exposure 
range has generally been the target for terms such 
as “most exposed individual,”  although actual usage 
has varied.

"T h e  term “worst case exposure”  has 
historically meant the maximum possible exposure, 
or where everything that can plausibly happen to 
maximize exposure, happens. While in actuality, 
this worst case exposure may fall on the uppermost 
point of the population distribution, in most cases, it 
will be somewhat higher than the individual in the 
population with the highest exposure. The worst 
case represents a hypothetical individual and an 
extreme set of conditions; this will usually not be 
observed in an actual population. H ie  worst case 
and the so-called maximum exposed individual are 
therefore not synonymous, the former describing a 
statistical possibility that may or may not occur in 
the population, and the tatter ostensibly describing 
an individual that does, or is thought to, exist in the 
population.

21 T h e  lo w e r p a rt o f the high -en d exposure range, 
e.g., con ce ptually  ab o ve  the 90th percentile but 
b e lo w  about the 98th percentile, has g e n e ra lly  been 
the target used b y  those em ployin g  the term  
“reasonable w o rs t case ex posure ." A b o v e  ab out the 
98th percentile has b e en term ed the “m a x im u m  
exposure”  range. N o te  that b o th  these term s should 
refe r to  estim ates o f exposure on the actual 
distribution , n o t ab o ve  it.

percentile of the population distribution, but not higher than the individual in the population who has the highest exposure. High-end dose estimates are described analogously.The concept of the high end exposure, as used in this guidance, is fundamentally different from terms such as worst case, in that the estimate is by definition intended to fall on the actual (or in the case of scenarios dealing with future exposures, probable) exposure distribution.
Key Point: The primary objective when 

developing an estimate of high-end exposure 
or dose is to arrive at an estimate that will 
fall within the actual distribution, rather than 
above it  (Estimates above the distribution 
are bounding estimates; see section 5.3.4.I.) 
Often this requires professional judgment 
when data are sparse, but the primary 
objective of this type of estimator is to be 
within this fairly wide conceptual target 
range.The relationship between answering the questions about high-end individual risk and what the exposure assessor must do to develop the descriptors is discussed in section 3.4. Individual risk descriptors will generally require the assessor to make estimates of high-end exposure or dose, and sometimes additional estimates (e.g., estimates of central tendency such as average or median exposure or dose).Another type of individual risk descriptor results from specific sets of circumstances that can be hypothesized as part of a scenario, for example:• What if  a homeowner lives at the edge of this site for his entire life?• W hat if  a pesticide applicator applies this pesticide without using protective equipment?• What if a consumer uses this product every day for ten years? Once a month? Once a week?• What risk level will occur if we set the standard at 100 ppb?The assumptions made in answering these assessment-specific postulated questions should not be confused with the approximations made in developing an exposure estimate for an existing population or with the adjustments in parameter values made in performing a sensitivity analysis. The assumptions in these specific questions address a purer "if/then”  relationship and, as such, are more helpful in answering specific hypothetical or anecdotal questions. The answers to these postulated questions do not give information about how likely the combination of values might be in the actual population or about how many (if any) persons might actually be subjected to the calculated risk.

Exposure scenarios employing these types of postulated questions are encountered often in risk assessments, especially in those where actual exposure data are incomplete or nonexistent Although the estimates of individual exposure derived from these assumptions provide numerical values for calculating risk, they do so more as a matter of context than a determination of actual exposure. They are not the same types of estimates as high-end exposure or risk, where some statement must be made about the likelihood of their falling within a specified range in the actual exposure or risk distribution.
2.3.2. Population R iskPopulation risk refers to an estimate of the extent of harm for the population or population segment being addressed. Risk managers may need questions addressed such as the following:• How many cases of a particular health effect might be probabilistically estimated for a population of interest during a specified time period?• For noncarcinogens, what portion of the population exceeds the reference dose (RfD), the reference concentration (RfC), or other health concern level?• For carcinogens, how many persons are above a certain risk level such as 10‘® or a series of risk levels such as IQ'8, lO'4, etc?• How do various subgroups fall within the distributions of exposure, dose, and risk?• What is the risk for a particular population segment?• Do any particular subgroups experience a high exposure, dose, or risk?The risk descriptors for population risk can take any of several forms:• A  probabilistic projection of the estimated extent of occurrence of a particular effect for a population or segment (sometimes called “number of cases“  of effect);• A  description of what part of the population (or population segment) is above a certain risk value of interest; or• A  description of the distribution of risk among various segments or subgroups of the population.In theory, an estimate of the extent of effects a population might incur (e.g., the number of individual cases that might occur during a specified time) can be calculated by summing the individual risks for all individuals within the population or population segment of interest The ability to calculate this estimate depends on whether the individual risks are in terms of probabilities for each individual, rather than a hazard index or other



22902 Federal Register / Vol. 57, No. 104 / Friday, May 29, 1992 / Noticesnonprobabilistic risk. The calculation also requires a great deal more information than is normally available.For some assessments, an alternate method is used, provided certain conditions hold. An arithmetic mean dose is usually much easier to estimate than the individual doses of each person in the population or population segment, but calculating the hypothetical number of cases by using mean doses, slope factors, and population size must be done with considerable caution. If the risk varies linearly with dose, and there is no threshold below which no effect ever occurs, an estimate of the number of cases that might occur can be derived from the definition of arithmetic mean. If A  =  T/n, where A  is the arithmetic mean of n numbers, and T is the sum of the same n numbers, simple rearrangement gives T  =  A  X  n. If the arithmetic mean risk for the population(A) can be estimated, and the size of the population (n) is known, then this relationship can be used to calculate a probabilistic estimate of the extent of effects (T).22 Even so, several other cautions apply when using this method.Individual risks are usually expressed on an upper bound basis, and the resulting number of cases estimated in this manner will normally be an upper bound estimate due to the nature of the risk model used. This method will not work at all for nonlinear dose-response models, such as many noncancer effects or for nonlinear carcinogenic dose- response models.In practice, it is difficult even to establish an accurate mean health effect risk for a population. This is due to many complications, including uncertainties in using animal data for human dose-response relationships, nonlinearities in the dose-response curve, projecting incidence data from one group to another dissimilar group, etc. Although it has been common practice to estimate the number of cases of disease, especially cancer, for populations exposed to chemicals, it should be understood that these estimates are not meant to be accurate predictions of real (or actuarial) cases of disease. The estimate’s value lies in framing hypothetical risk in an understandable way rather than in any literal interpretation of the term "cases.”
12 Since the geometric mean (G) is defined 

differently, use of the geometric mean individual 
risk (where G  does not equal A , such as is often 
found in environmental situations) in the above 
relationship will obviously give an erroneous 
(usually low) estimate of the total..Geometric means 
have appropriate usea.in exposure and risk 
assessment, but estimating population risk in this 
way is not one of them.

Another population risk descriptor is a statement regarding how many people are thought to be above a certain risk level or other point of demarcation. For carcinogens, this might be an excess risk level such as 10'6 (or a series of levels,i.e., 10'#, 10'4, etc.). For noncarcinogenic risk, it might be the portion of the population that exceeds the RfD (a dose), the RfC (an exposure concentration), an effect-based level such as a lowest observed adverse effect level (LOAEL), etc. For the exposure assessor, this type of descriptor usually requires detailed information about the distribution of exposures or doses.Other population risk descriptors address the way the risk burden is distributed among various segments of the subject population. The segments (or subgroups) could be divided by geographic location, age, sex, ethnic background, lifestyle, economic factors, or other demographic variables, or they could represent groups of persons with a typical sensitivity or susceptibility, such as asthmatics.For assessors, this means that data may need to be evaluated for both highly exposed population segments and highly sensitive population segments. In cases involving a highly exposed population segment, the assessor might approach this question by having this segment of the population in mind when developing the descriptors of high-end exposure or dose. Usually, however, these segments are identified (either a 
priori or from inspection of the data) and then treated as separate, unique populations in themselves, with segment-specific risk descriptors (population, individual, etc.) analogous to those used for the larger population.
2.3.3. R isk DescriptorsIn summary, exposure and dose information developed as part of an exposure assessment may be used in constructing risk descriptors. These are statements to convey information about risk to users of that information, primarily risk managers. Risk descriptors can be grouped as descriptors of individual risk or population risk, and within these broad categories, there are several types of descriptors. Not all descriptors are applicable to all assessments. As a matter of policy, the Agency or individual program offices within the Agency may require one or more of these descriptors ta  be included in specific risk assessments. Because the type of descriptor translates fairly directly into the type of analysis the exposure assessor must perform, the

exposure assessor needs to be aware of these policies. Additional information on calculating and presenting exposure estimates and risk descriptors is found in sections 5 and 7 of these Guidelines.3. Planning an Exposure AssessmentExposure assessments are done for a variety of purposes, and for that reason, cannot easily be regimented into a set format or protocol. Each assessment, however, uses a similar set of planning questions, and by addressing these questions the assessor will be better able to decide what is needed to perform the assessment and how to obtain and use the information required. To facilitate this planning, the exposure assessor should consider some basic questions:
Purpose: Why is the study being conducted? What questions will the study address and how will the results be used?
Scope: Where does the study area begin and end? W ill inferences be made on a national, regional, or local scale? Who or what is to be monitored? What chemicals and what media will be measured, and for which individuals, populations, or population segments will estimates of exposure and dose be developed?
Level o f Detail: How accurate must the exposure or dose estimate be to achieve the purpose? How detailed must the assessment be to properly account for the biological link between exposure, dose, effect, and risk, if necessary? How is the depth of the assessment limited by resources (time and money), and what is the most effective use of those resources in terms of level of detail of the various parts of the assessment?
Approach: How will exposure or dose be measured or estimated, and are these methods appropriate given the biological links among exposure, dose, effect, and risk? How will populations be characterized? How will exposure concentrations be estimated? What is known about the environmental and biological fate of the substance? What are the important exposure pathways? What is known about expected concentrations, analytical methods, and detection limits? Are the presently available analytical methods capable of detecting the chemical o f interest and can they achieve the level of quality needed in the assessment? How many samples are needed? When will the samples be collected? How frequently? How will the data be handled, analyzed, and interpreted?By addressing each of these questions, the exposure assessor will develop a clear and.concise definition of study
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3.1. Purpose o f the Exposure Assessm entThe particular purpose for which an exposure assessment will be used will often have significant implications for the scope, level of detail, and approach of the assessment. Because of the complex nature of exposure assessments, a multidisciplinary approach that encompasses the expertise of a variety of scientists is necessary. Exposure assessors should seek assistance from other scientists when they lack the expertise necessary in certain areas of the assessment.
3.1.1. Using Exposure Assessm ents in 
Risk Assessm entThe National Research Council (NRC, 1983} described exposure assessment as one of the four major areas of risk assessment (the others are hazard identification, dose-response assessment, and risk characterization). The primary purpose of an exposure assessment in this application is often to estimate dose, which is combined with chemical-specific dose-response data (usually from animal studies) in order to estimate risk. Depending on the purpose of the risk assessment, die exposure assessment will need to emphasize certain areas in addition to quantification of exposure and dose.If the exposure assessment is part of a risk assessment to support regulations for specific chemical sources, such as point emission sources, consumer products, or pesticides, then the link between the source and the exposed or potentially exposed population is important. In this case, it is often necessary to trace chemicals from the source to the point of exposure by using source and fate models and exposure scenarios. By examining the individual components of a scenario, assessors can focus their efforts on the factors that contribute the most to exposure, and perhaps use the exposure assessment to select possible actions to reduce risk.For example, exposure assessments are often used to compare and select control or cleanup options. Most often the scenario evaluation is employed to estimate the residual risk associated with each of the alternatives tinder consideration. These estimates are compared to the baseline risk to determine the relative risk reduction of each alternative, These types of < assessments can also be employed to make screening decisions about whether to; further investigate a particular chemical. These assessments can also benefit from verification through the use

of personal or biological monitoring techniques.If the exposure assessment is part of a risk assessment performed to set standards for environmental media, usually the concentration levels in the medium that pose a particular risk level are important. Normally, these assessments place less emphasis on the ultimate source of the chemical and more emphasis on linking concentration levels in the medium with exposure and dose levels of those exposed. A  combination of media measurements and personal exposure monitoring could be very helpful in assessments for this purpose, since what is being sought is the relationship between the two. Modeling may also support or supplement these assessments.If the exposure assessment is part of a risk assessment used to determine the need to remediate a waste site or chemical spill, the emphasis is on calculating the risk to an individual or small group, comparing that risk to an acceptable risk level, and if necessary determining appropriate cleanup actions to reach an acceptable risk. The source of chemical contamination may or may not be known. Although personal exposure monitoring can give a good indication of the exposure or dose at the present time, often the risk manager must make a decision that will protect health in the future. For this reason, modeling and scenario development are the primary techniques used in this type of assessment. Emphasis is usually placed on linking sources with the exposed individuals. Biological monitoring may also be helpful (in cases where the methodology is established) in determining if exposure actually results in a dose, since some chemicals are not bioavailable even if intake occurs.If the exposure assessment is part of a risk assessment used as a screening device for setting priorities, the emphasis is more on the comparative risk levels, perhaps with the risk estimates falling into broad categories (e.g., semi-quantitative categories such as high, medium, and low). For such quick-sorting exercises, rarely are any techniques used other than modeling and scenario development. Dédisions made in such cases rarely involve direct cleanup or regulatory action without further refinement of the risk assessment, so the scenario development approach can be a cost- effective way to set general priorities for future investigation of worst risk first.If the exposure assessment is part of a risk assessment that is wholly predictive in nature, such as for the

premanufacture notice (PMN) program, a modeling and scenario development approach is recommended. In such cases, measurement of chemicals yet to be manufactured or in the environment is not possible. In this case again, the link between source and exposed individuals is emphasized.Not only are risk assessments done for a variety of purposes, but the toxic endpoints being assessed (e.g., cancer, reproductive effects, neurotoxic effects) can also vary widely. Endpoints and other aspects of the hazard identification and dose-response relationships can have a major effect on how the exposure information must be collected and analyzed for a risk assessment. This is discussed in more detail in section 3.5.1.
3.1.2. Using Exposure Assessm ents for 
Status and TrendsExposure assessments can also be used to determine whether exposure occurs and to monitor status and trends. The emphasis in these exposure assessments is on what the actual exposure (or dose) is at one particular time, and how the exposure changes over time. Examples of this type of assessment are occupational studies. Characteristics and special considerations for occupational studies have been discussed by the National institute for Occupational Safety and Health (NIOSH, 1988).Exposure status is the snapshot of exposure at a given time, usually the exposure profile of a population or population segment (perhaps a segment or statistical sample that can be iBtudied periodically). Exposure trends show how this profile changes with time. Normally, status and trends studies make use of statistical sampling strategies to assure that changes can be interpreted meaningfully. These data are particularly useful if actions for risk amelioration and demonstration of the effectiveness of these actions can be made through exposure trend measurements.Measurement is critical to such assessments. Personal monitoring can give the most accurate picture of exposure, but biological or media monitoring can indicate exposure levels, provided a strong link is established between the biological or media levels and the exposure levels. Usually this link is established first by correlating biological or media levels with personal monitoring data for the same population over the same period.
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3.1.3. Using Exposure Assessm ents in 
Epidemiologic StudiesExposure assessments can also be important components of epidemiologic studies, where the emphasis is on using the exposure assessment to establish exposure-incidence (or dose-effect) relationships. For this purpose, personal monitoring, biological monitoring, and scenario development have all been used. If the population under study is being currently exposed, personal monitoring or biological monitoring may be particularly helpful in establishing exposure or dose levels. If the exposure took place in the past, biological monitoring may provide useful data, provided the chemical is amenable to detection without interference or degradation, and the pharmacokinetics are known. More often, however, scenario development techniques are used to estimate exposure in the past, and often the accuracy of the estimate is limited to classifying exposure as high, medium, or low. This type of categorization is rather common, but sometimes it is very difficult to determine who belongs in a category, and to interpret the results of the study. Although epidemiologic protocols are beyond the scope of these Guidelines, the use of exposure assessment for epidemiology has been described by the World Health Organization (WHO, 1983).
3.2. Scope o f the Assessm entThe scope of an assessment refers to its comprehensiveness. For example, an important limitation in many exposure assessments relates to the specific chemical(s) to be evaluated. Although this seems obvious, where exposure to multiple chemicals or mixtures is possible, it is not always clear whether assessing “all” chemicals will result in a different risk value than if only certain significant chemicals are assessed and the others assumed to contribute only a minor amount to the risk. This may also be true for cases where degradation products have equal or greater toxicological concerns. In these cases, a preliminary investigation may be necessary to determine which chemicals are likely to be in high enough concentrations to cause concern, with the possibile contribution of the others discussed in the uncertainty assessment. The assessor must also determine geographical boundaries, population exposed, environmental media to be considered, and exposure pathways and routes of concern.The purpose of the exposure assessment will usually help define the scope. There are characteristics that are

unique to national exposure assessments as opposed to industrywide or local exposure assessments. For example, exposure assessments in support of national regulations must be national in scope; exposure assessments to support cleanup decisions at a site will be local in scope. Exposure assessments to support standards for a particular medium will often concentrate on that medium’s concentration levels and typical exposure pathways and routes, although the other pathways and routes are also often estimated for perspective.
3.3. Level o f Detail o f the Assessm entThe level of detail, or depth of the assessment, is measured by the amount and resolution of the data used, and the sophistication of the analysis employed. It is determined by the purpose of the exposure assessment and the resources available to perform die assessment. Although in theory the level of detail needed can be established by determining the accuracy of the estimate required, this is rarely the case in practice. To conserve resources, most assessments are done in an iterative fashion, with a screening done first; successive iterations add more detail and sophistication. After each iteration, the question is asked, is this level of detail or degree of confidence good enough to achieve the purpose of the assessment? If the answer is no, successive iterations continue until the answer is affirmative, new input data are generated, or as is the case for many assessments, the available data, time, or resources are depleted. Resource-limited assessments should be evaluated in terms of what part of the original objectives have been accomplished, and how this affects the use of the results.The level of detail of an exposure assessment can also be influenced by the level of sophistication or uncertainty in the assessment of health effects to be used for a risk assessment If only very weak health information is available, a detailed, costly, and in-depth exposure assessment will in most cases be wasteful, since the most detailed information will not add significantly to the certainty of the risk assessment
3.4. Determining the Approach for the 
Exposure Assessm entThe intended use of the exposure assessment will generally favor one approach to quantifying exposure over the others, or suggest that two or more approaches be combined. These approaches to exposure assessment can be viewed as different ways of estimating the same exposure or dose. Each has its own unique characteristics,

strengths, and weaknesses, but the estimate should theoretically be the same, independent of the approach taken.The point-of-contact approach requires measurements of chemical concentrations at the point where they contact the exposed individuals, and a record of the length of time of contact at each concentration. Some integrative techniques are inexpensive and easy to use (radiation badges), while others are costly and may present logistical challenges (personal continuous- sampling devices), and require public cooperation.The scenario evaluation approach requires chemical concentration and time-of-contact data, as well as information on the exposed persons. Chemical concentration may be determined by sampling and analysis or by use of fate and transport models (including simple dilution models). Models can be particularly helpful when some analytical data are available, but resources for additional sampling are limited. Information on human behavior and physical characteristics may be assumed or obtained by interviews or other techniques from individuals who represent the population of interest.For the reconstruction of dose approach, the exposure assessor usually uses measured body burden or specific biomarker data, and selects or constructs a biological model that uses these data to account for the chemical’s behavior in the body. If a pharmacokinetic model is used, additional data on metabolic processes will be required (as well as model validation information). Information on exposure routes and relative source strengths is also helpful.One of the goals in selecting the approach should include developing an estimate having an acceptable amount of uncertainty. In general, estimates based on quality-assured measurement data, gathered to directly answer the questions of the assessment, are likely to have less uncertainty than estimates based on indirect information. The approach selected for the assessment will determine which data are needed. A ll three approaches ¿Iso require data on intake and uptake rates if the final product of the assessment is a calculated dose.Sometimes more than one approach is used to estimate exposure. For example, the TEAM  study combines point-of- contact measurement with the microenvironment (scenario evaluation) approach and breath measurements for the reconstruction of dose approach (U.S. EPA, 1987a). If more than one
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approach is used, the assessor should consider how using each approach separately can verify or validate the others. In particular, point-of-contact measurements can be used as a check on assessments made by scenario evaluation.
3.5. Establishing the Exposure 
Assessm ent PlanBefore starting work on an exposure assessment, the assessor should have determined the purpose, scope, level of detail, and approach for the assessment, and should be able to translate these into a set of objectives. These objectives will be the foundation for the exposure assessment plan. The exposure assessment plan need not be a lengthy or formal document, especially for assessments that have a narrow scope and little detail. For more complex exposure assessments, however, it is helpful to have a written plan.For exposure assessments being done a3 part of a risk assessment, the exposure assessment plan should reflect (in addition to the objectives) an understanding of how the results of the exposure assessment will be used in the risk assessment. For some assessments, three additional components may be needed: the sampling strategy (section3.5.2) , the modeling strategy (section3.5.3) , and the communications strategy (section 7.1.3).
3.5.1. Planning an Exposure Assessm ent 
as Part o f a R isk Assessm entFor risk assessments, exposure information must be clearly linked to the hazard identification and dose-response relationship (or exposure-response relationship; see section 3.5.4). The toxic endpoints (e.g., cancer, reproductive effects, neurotoxic effects) can vary widely, and along with other aspects of the hazard identification and dose- response relationships, can have a major effect on how the exposure information must be collected and analyzed for a risk assessment. Some of these aspects include implications of limited versus repeated exposures, dose- rate considerations, reversibility of toxicological processes, and composition of the exposed population.• Limited versus Repeated Exposures. Current carcinogen risk models often use lifetime time-weighted average doses in the dose-response relationships owing to their derivation from lifetime animal studies. This does not mean cancer cannot occur after single exposures (witness the A-bomb experience), merely that exposure information must be consonant with the source of the model. Some toxic effects, however, occur after a single or a

limited number of exposures, including acute reactions such as anesthetic effects and respiratory depression or certain developmental effects following exposure during pregnancy. For developmental effects, for example, lifetime time-weighted averages have little relevance, so different types of data must be collected, in this case usually shorter-term exposure profile data during a particular time window. Consequently, the exposure assessors and scientists who conduct monitoring studies need to collaborate with those scientists who evaluate a chemical’s hazard potential to assure the development of a meaningful risk assessment. If short-term peak exposures are related to the effect, then instruments used should be able to measure short-term peak concentrations. If cumulative exposure is related to the effect, long-term average sampling strategies will probably be more appropriate.• Dose-Rate Effects. The use of average daily dose values (e.g., ADD, LADD) in a dose-response relationship assumes that within some limits, increments of C  times T  (exposure concentration times time) that are equal in magnitude are equivalent in their potential to cause an effect, regardless of the pattern of exposure (the so-called Haber’s Rule; see Atherley, 1985). In those cases where toxicity depends on the dose rate, one may need a more precise determination of the time people are exposed to various concentrations and the sequence in which these exposures occur.• Reversibility o f Toxicological 
Processes. The averaging process for daily exposure assumes that repeated dosing continues to add to the risk potential. In some cases, after cessation of exposure, toxicological processes are reversible over time. In these cases, exposure assessments must provide enough information so that die risk assessor can account for the potential influence of episodic exposures.• Composition o f the Exposed 
Population. For some substances, the type of health effect may vary as a function of age or sex. Likewise, certain behaviors (e.g., smoking), diseases (e.g., asthma), and genetic traits (e.g., glucose- e-phosphate dehydrogenase deficiency) may affect the response of a person to a chemical substance. Special population segments, such as children, may also call for a specialized approach to data collection (WHO, 1986).
3.5.2. Establishing the Sampling StrategyIf the objectives of the assessment are to be met using measurements, it is important to establish the sampling

strategy before samples are actually taken. The sampling strategy includes setting data quality objectives, developing the sampling plan and design, using spiked and blank samples, assessing background levels, developing quality assurance project plans, validating previously generated data, and selecting and validating analytical methods.
3.5.2.1. Data Quality ObjectivesAll measurements are subject to uncertainty because of the inherent variability in the quantities being measured (e.g., spatial and temporal variability) and analytical measurement variability introduced during the measurement process through sampling and analysis. Some sources of variability can be expressed quantitatively, but others can only be described qualitatively. The larger the variability associated with individual measurements, the lower the data quality, and the greater the probability of errors in interpretation. Data quality objectives (DQOs) describe the degree of uncertainty that an exposure assessor and other scientists and management are willing to accept.Realistic DQOs are essential. Data of insufficient quality will have little value for problem solving, while data of quality vastly in excess of what is needed to answer the questions asked provide few, if any, additional advantages. DQOs should consider data needd, cost-effectiveness, and the capability of the measurement process. The amount of data required depends on the level of detail necessary for the purpose of the assessment. Estimates of the number of samples to be taken and measurements to be made should account for expected sample variability. Finally, DQOs help clarify study objectives by compelling the exposure assessor to establish how the data will be used before they are collected.The exposure assessor establishes data criteria by proposing limits (based on best judgment or perhaps a pilot study) on the acceptable level of uncertainty for each conclusion to be drawn from new data, considering the resources available for the study. DQOs should include:• A  clear statement of study objectives, to include an estimation of the key study parameters, identifying the hypotheses being tested, the specific aims of the study, and how the results will be used.• The scope of study objectives, to include the minimum size of subsamples from which separate results may be calculated, and the largest unit (area,



22906 Federal Register / Vol. 57, No. 104 / Friday, M a y  29, 1992 / Noticestime period, or group of people) the data will represent• A  description of the data to be obtained, the media to be sampled, and the capabilities of the analytical methodologies.• The acceptable probabilities and uncertainties associated with false positive and false negative statements.• A  discussion of statistics used to summarize the data; any standards, reference values,.or action levels used for comparison; and a description and rationale for any mathematical or statistical procedures used.• An estimate of the resources needed.
3.5.2.2. Sampling PlanThe sampling plan specifies how a sample is to be selected and handled.An inadequate plan will often lead to biased, unreliable, or meaningless results. Good planning, on the other hand, makes optimal use of limited resources and is more likely to produce valid results.The sampling design specifies the number and types of samples needed to achieve DQOs. Factors to be considered in developing the sampling design include study objectives, sources of variability (e.g., temporal and spatial heterogeneity, analytical differences) and their relative magnitudes, relative costs, and practical limitations of time, cost, and personnel.Sampling design considers the need for temporal and spatial replication, compositing (combining several samples prior to analysis), and multiple determinations on a single sample. A  statistical or environmental process model may be used to allocate sampling effort in the most efficient manner.Data may be collected using a survey or an experimental approach. It may be desirable to stratify the sample if it is suspected that differences exist between segments of the statistical population being sampled. In such cases, the stratified sampling plan assures representative samples of the obviously different parts of the sample population while reducing variance in the sample data. The survey approach estimates population exposure based on the measured exposure of a statistically representative sample of the population. In some situations the study objectives are better served by an experimental approach; this approach involves experiments designed to determine the relationship between two or more factors, (e.g., between house construction and a particular indoor air pollutant). In the experimental approach, experimental units are selected to cover a range of situations

(e.g., different housing types), but do not reflect the frequency of those units in the population of interest. An understanding of the relationship between factors gained from an experiment can be combined with other data (e.g., distribution of housing types) to estimate exposure. An advantage of the experimental approach is that it may provide more insight into underlying mechanisms which may be important in targeting regulatory action. However, as in all experimental work, one must argue that the relationships revealed apply beyond that particular experiment.A  study may use a combination of survey and experimental techniques and involve a variety of sampling procedures. A  summary of methods for measuring worker exposure is found in Lynch (1985). Smith et al. (1987) provide guidance for field sampling of pesticides. Relevant EPA reference documents include Survey Management Handbook, Volumes I and II (U.S. EPA, 1984b); Soil Sampling Quality Assurance User’s Guide (U.S. EPA, 1990a); and A  Rationale for the Assessment of Errors in the Sampling of Soils (U.S. EPA, 1989a). A  detailed description of methods for enumerating and characterizing populations exposed to chemical substances is contained in Methods for Assessing Exposure to Chemical Substances, Volume 4 (U.S. EPA, 1985a).Factors to be considered in selecting sampling locations include population density, historical sampling results, patterns of environmental contamination and environmental characteristics such as stream flow or prevailing wind direction, access to the sample site, types of samples, and health and safety requirements.The frequency and duration of sample collection will depend on whether the risk assessor is concerned with acute or chronic exposures, how rapidly contamination patterns are changing, ways in which chemicals are released into the environment, and whether and to what degree physical conditions are expected to vary in the future.There are many sources of information on methods for selecting sampling locations. Schweitzer and Black (1985) and Schweitzer and Santolucito (1984) give statistical methods for selecting sampling locations for ground water, soil, and hazardous wastes. A  practical guide for ground- water sampling (U.S. EPA, 1985b) and a handbook for stream sampling (U.S.EPA, 1986d) are also available.The type of sample to be taken and the physical and chemical properties of the chemical of concern usually dictate

the sampling frequency. For example, determining the concentration of a volatile chemical in surface water requires a higher sampling frequency than necessary for ground water because the chemical concentration of the surface water changes more rapidly. Sampling frequency might also depend on whether the health effects of concern result from acute or chronic exposures. More frequent sampling may be needed to determine peak exposures versus average exposure.A  preliminary survey is often used to estimate the optimum number, spacing, and sampling frequency. Factors to be considered include technical objectives, resources, program schedule, types of analyses, and the constituents to be evaluated. Shaw et al. (1984), Sanders and Adrian (1978), and Nelson and Ward (1981) discuss statistical techniques for determining the optimal number of samples.Sampling duration depends on the analytical method chosen, the limits of detection, the physical and chemical properties of the analyte, chemical concentration, and knowledge of transport and transformation mechanisms. Sampling duration may be extended to ensure adequate collection of a chemical at low concentration or curtailed to prevent the breakthrough of one at high concentration. Sampling duration is directly related to selection of statistical procedures, such as trend or cross-sectional analyses.Storage stability studies with periodic sample analysis should normally be run concurrently with the storage of treated samples. However, in certain situations where chemicals are prone to break down or have high volatility, it is advisable to run a storage stability study in advance so that proper storage and maximum time of storage can be determined prior to sample collection and storage. Unless storage stability has been previously documented, samples should be analyzed as soon as possible after collection to avoid storage stability problems. Individual programs may have specific time limits on storage, depending on the types of samples being analyzed.
3.5.23. Quality Assurance SamplesSampling should be planned to ensure that the samples are not biased by the introduction of field or laboratory contaminants. If sample validity is in question, all associated analytical data will be suspect. Field- and laboratory- spiked samples and blank samples should be analyzed concurrently to validate results. The plan should provide instructions clear enough so that



Federal Register / V o l  57, No. 104 / Friday, M a y  29, 1992 / Notices 22907each worker can collect, prepare, preserve, and analyze samples according to established protocols.Any data not significantly greater than blank sample levels should be used with considerable caution. A ll values should be reported as measured by the laboratory, but with appropriate caveats on blank sample levels. The method for interpreting and using the results from blank samples depends on the analyte and should be specified in the sampling plan. The following guidance is recommended:• For volatiles and semivolatiles, no positive sample results should be reported unless the concentration of the compound in the sample exceeds 10 times the amount in any blank for the common laboratory con ta m in a n ts methylene chloride, acetone, toluene, 2- butanone, and common phthalate esters. The amount for other volatiles and semivolatiles should exceed 5 times the amount in the blank (U.S. EPA, 1988d).• For pesticides and polychlorinated biphenyls (PCBs) no positive sample results should be reported unless the concentration in the sample exceeds 5 times that in the blank (U.S. EPA,1988d). If a pesticide or PCB is found in a blank but not in a sample, no action is taken.• For inorganics, no positive sample results should be reported if the results are less than 5 times the amount in any blank (U.S. EPA, 1988e).
3.5.2.4. Background LevelBackground presence may be due to natural or anthropogenic sources. At some sites, it is significant and must be accounted for. The exposure assessor should try to determine local background concentrations by gathering data from nearby locations clearly unaffected by the site under investigation.When differences between a background (control area) and a target site are to be determined experimentally, the control area must be sampled with the same detail and care as the target.
3.5.2.5. Q uality Assurance and Quality 
ControlQuality assurance (QA) assures that a product meets defined standards of quality with a stated level of confidence. Q A  includes quality control.Quality assurance begins with the establishment of DQOs and continues throughout the measurement process. Each laboratory should have a Q A  program and, for each study, a detailed quality assurance project plan, with language clear enough to preclude confusion and misunderstanding. The

plan should list the D Q O s and fully describe the analytes, all materials, methods, and procedures used, and the responsibilities of project participants. The EPA has prepared a guidance document (U.S. EPA, 1980) that describes all these elements and provides complete guidance for plan preparation.
Quality control (QC) ensures a 

product or service is satisfactory, 
dependable, and economical. A QC 
program should include development 
and strict adherence to principles of 
good laboratory practice, consistent use 
of standard operational procedures, and 
carefully-designed protocols for each 
measurement effort. The program should 
ensure that errors have been 
statistically characterized and reduced 
to acceptable levels.
3.53.8. Quality Assurance and Quality 
Control for Previously Generated Data

Previously generated data may be 
used by the exposure assessor to fulfill 
current needs. Any data developed 
through previous studies should be 
validated with respect to both quality 
and extrapolation to current use. One 
should consider how long ago the data 
were collected and whether they are 
8till representative. The criteria for 
method selection and validation should 
also be followed when analyzing 
existing data. Other points considered in 
data evaluation include the collection 
protocol, analytical methods, detection 
limits, laboratory performance, and 
sample handling.
3.5.2.7. Selection and Validation o f 
Analytical MethodsThere are several major steps in the method selection and validation process. First, the assessor establishes methods requirements. N ext existing methods are reviewed for suitability to the current application. If a net method must be developed, it is subjected to field and laboratory testing to determine its performance; these tests are then repeated by other laboratories using a round robin test. Finally, the method is revised as indicated by laboratory testing. The reader is referred to Guidance for Data Useability in Risk Assessment (U.S. EPA, 1990b) for extensive discussion of this topic.
3.5.3. Establishing the Modeling 
Strategy

Often the most critical element of the 
assessment is the estimation of pollutant 
concentrations at exposure points. This 
is usually carried out by a combination 
of field data and mathematical modeling 
results. In the absence of Held data, this 
process often relies on the results of

mathematical models (U.S. EPA, 1986e, 1987b, 1987c, 1988f, 1991b). EPA’s Science Advisory Board (U.S. EPA, 1989b) has concluded that, ideally, modeling should be linked with monitoring data in regulatory assessments, although this is not always possible (e.g., for new chemicals).A  modeling strategy has several aspects, including setting objectives, model selection, obtaining and installing the code, calibrating and running the computer model, and validation and verification. Many of these aspects are analogous to the QA/QC measures applied to measurements.
3.5.3.1. Setting the M odeling Study 
ObjectivesThe first step in using a model to estimate concentrations and exposure is to clearly define the goal of the exposure assessment and how the model can help address the questions or hypotheses of the assessment. This includes a clear statement of what information the model will help estimate, and how this estimate will be used. The approach must be consistent with known project constraints (i.e., schedule, budget, and other resources).
3.5.3.2. Characterization and M odel 
SelectionRegardless of whether models are extensively used in an assessment and a formal modeling strategy is documented in the exposure assessment plan, when computer simulation models such as fate and transport models and exposure models are used in exposure assessments, the assessor must be aware of the performance characteristics of the model and state how the exposure assessment requirements are satisfied by the model.If models are to be used to simulate pollutant behavior at a specific site, the site must be characterized. Site characterization for any modeling study includes examining all data on the site such as source characterization, dimensions and topography of the site, location of receptor populations, meteorology, soils, geohydrology, and ranges and distributions of chemical concentrations. For exposure models that simulate both chemical concentration and time of exposure (through behavior patterns) data on these two parameters must be evaluated.For all models, the modeler must determine if databases are available to support the site, chemical, or population characterization, and that all parameters required by the model can be obtained or reasonable default values are
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available. The assessment goals and the results of the characterization step provide the technical basis for model selection.Criteria are provided in U.S. EPA (1987b, 1988f) for selection of surface water models and ground-water models respectively; the reader is referred to these documents for details. Similar selection criteria exist for air dispersion models (U.S. EPA, 1986e, 1987c, 1991b).A  primary consideration in selecting a model is whether to perform a screening study or to perform a detailed study. A  screening study makes a preliminary evaluation of a site or a general comparison between several sites. It may be generic to a type of site (i.e., an industrial segment or a climatic region) or may pertain to a specific site for which sufficient data are not available to properly characterize the site. Screening studies can help direct data collection at the site by, for example, providing an indication of the level of detection and quantification that would be required and the distances and directions from a point of release where chemical concentrations might be expected to be highest.The value of the screening-level analysis is that it is simple to perform and may indicate that no significant contamination problem exists. Screening-level models are frequently used to get a first approximation of the concentrations that may be present. Often these models use very conservative assumptions; that is, they tend to overpredict concentrations or exposures. If the results of a conservative screening procedure indicate that predicted concentrations or exposures are less than some predetermined no-concem level, then a more detailed analysis is probably not necessary. If the screening estimates are above that level, refinement of the assumptions or a more sophisticated model are necessary for a more realistic estimate.Screening-level models also help the user conceptualize the physical system, identify important processes, and locate available data. The assumptions used in the preliminary analysis should represent conservative conditions, such that the predicted results overestimate potential conditions, limiting false negatives. If the limited field measurements or screening analyses indicate that a contamination problem may exist, then a detailed modeling study may be useful.A  detailed study is one in which the purpose is to make a detailed evaluation of a specific site. The approach is to use the best data available to make the best estimate of spatial and temporal

distributions of chemicals. Detailed 
studies typically require much more 
data of higher quality and models of 
greater sophistication.
3.5.3.3. Obtaining and Installing the 
Computer Code

It may be necessary to obtain and 
install die computer code for a model on 
a specific computer system. Modem 
computer systems and software have a 
variety of differences that require 
changes to the source code being 
installed. It is essential to verify that 
these modifications do not change the 
way the model works or the results it 
provides. If the model is already 
installed and supported on a computer 
system to which the user has access, 
this step is simplified greatly.

Criteria for using a model include its 
demonstrated acceptability and the ease 
with which the model can be obtained. 
Factors include availability of specific 
models and their documentation, 
verification, and validation. These so- 
called implementation criteria relate to 
the practical considerations of model 
use and may be used to further narrow 
the selection of technically acceptable 
models.
3.5.3A. Calibrating and Running the 
M odel

Calibration is the process of adjusting 
selected model parameters within an 
expected range until the differences 
between model predictions and field 
observations are within selected 
criteria. Calibration is highly 
recommended for all operational, 
deterministic models. Calibration 
accounts for spatial variations not 
represented by the model formulation; 
functional dependencies of parameters 
that are either nonquantifiable, 
unknown, or not included in the model 
algorithms; or extrapolation of 
laboratory measurements to field 
conditions. Extrapolation of laboratory 
measurements to field conditions 
requires considerable care since many 
unknown factors may cause differences 
between laboratory and field.

The final step in the modeling portion 
of an exposure assessment is to run the 
model and generate the data needed to 
answer the questions posed in the study 
objectives.

Experience and familiarity with a 
model can also be important. This is 
especially true with regard to the more 
complex models. Detailed models can be 
quite complex with a large number of 
input variables, outputs, and computer- 
related requirements. It frequently takes 
months to years of experience to fully 
comprehend all aspects of a model. 
Consequently, it is suggested that an

exposure assessor select a familiar 
model if it possesses all the selection 
criteria, or seek the help of experienced 
exposure modelers.

3.5.3.5. M odel Validation
Model validation is a process by 

which the accuracy of model results is 
compared with actual data from the 
system being simulated. There are 
numerous levels of validation of an 
environmental fate model, for example, 
such as verifying that the transport and 
transformation concepts are 
appropriately represented in the 
mathematical equations, verifying that 
the computer code is free from error, 
testing the model against laboratory 
microcosms, running field tests under 
controlled conditions, running general 
field tests, and repeatedly comparing 
field data to the modeling results under 
a variety of conditions and chemicals. In 
essence, validation is an independent 
test of how well the model (with its 
calibrated parameters) represents the 
important processes occurring in the 
natural system. Although field and 
environmental conditions are often 
different during the validation step, 
parameters fixed as a result of 
calibration are not readjusted during 
validation.23

The performance of models (their 
ability to represent measured data) is 
often dramatically influenced by site 
characterization and how models 
represent such characteristics. 
Characterizing complex, heterogenous 
physical systems presents major 
challenges; modeling representations of 
such systems must be evaluated in light 
of that difficulty. In many cases, the 
apparent inability to model a system is 
caused by incomplete physical 
characterization of the system. In other 
cases the uncertainties cannot be 
readily apportioned between the model 
per se and the model’s input data.

In addition to comparing model results 
with actual data (thus illustrating 
accuracy, bias, etc.), the model 
validation process provides information 
about conditions under which a 
simulation will be acceptable and 
accurate, and under what conditions it 
should not be used at all. All models 
have specific ranges of application and 
specific classes of chemicals for which 
they are appropriate. Assessors should 
be aware of these limitations as they 
develop modeling strategies.

“ In  other w o rd s , a fundam ental ru le  is that a 
m odel should n o t be va lid a te d  using data that w ere  
a lre a d y used to generate o r  calibrate the m odel, 
since do ing so w o u ld  not be an independent test.
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3.5.4. Planning an Exposure Assessm ent 
to A ssess Past ExposuresIn addition to the considerations discussed in sections 3.5.1 through 3.5.3, if the data are being collected to assess past exposures, such as in epidemiologic studies, they need to be representative of the past exposure conditions, which may have changed with time. The scope and level of detail of the assessment depends greatly on the availability and quality of past data. Several approaches for determining and estimating past exposure are provided in the literature (Waxweiler et al., 1988; Stem et ah,1986; NIOSH, 1988; Greife et al., 1988; Homung and Meinhardt, 1987).4. Gatherring and Developing Data for Exposure AssessmentsThe information needed to perform an exposure assessment will depend on the approach(es) selected in the planning stage (section 3). For those assessments using point-of-contact measurements, the information includes:• Measured exposure concentrations and duration of contact.For assessments using the scenario evaluation method for estimating exposures, the needed information includes;• Information on chemical concentrations in media, usually desirable in the format of a concentration-time-location profile.• Information on persons who are exposed and the duration of contact with various concentrations.For assessments estimating exposure from dose, the information includes:• Biomarker data.• Pharmacokinetic relationships, including the data to support pharmacokinetic models.If dose is to be calculated, data are needed on:• Intake and uptake, usually in the form of rates.Information on both natural and anthrppogenic sources is usually helpful.

If the agent has natural sources, the contribution of these to environmental concentrations may be relevant. These background concentrations may be particularly important when the results of toxicity tests show a threshold or distinctly nonlinear dose-response relationship. In a situation where only relative or additional risk is considered, background levels may not be relevant.
4.1. Measurement Data for Point-of- 
Contact Assessm entsThis approach requires that chemical concentrations be measured at the interface between the person and the environment, usually through the use of personal monitors; there are currently no models to assist in the process of obtaining the concentration-time data itself. The chemical concentrations contacted in the media are measured by sampling the individual’s breathing zone, food, and water. These methodologies were originally developed for occupational monitoring; they may have to be modified for exposures outside the workplace. An example of this is the development of a small pump and collector used in the TEAM  studies (U.S. EPA, 1987a). In order to conduct these studies, a monitoring device had to be developed that was sufficiently small and lightweight so that it could be worn by the subjects.The Total Human Exposure and Indoor Air Quality (U.S. EPA, 1988h) report is a useful bibliography covering models, field data, and emerging research methodologies, as well as new techniques for accurately determining exposure at nonoccupational levels.New data for a particular exposure assessment may be developed through the use of point-of-contact methods, or data from prior studies can sometimes be used. In determining whether existing point-of-contact monitoring data can be used in another assessment, the assessor must consider the factors that

existed in the original study and that influenced the exposure levels measured. Some of these factors are proximity to sources, activities of the studied individuals, time of day, season, and weather conditions.Point-of-contact data are valuable in evaluating overall population exposure and checking the credibility of exposure estimates generated by other methods.
4.2. Obtaining Chemical Concentration 
InformationThe distribution of chemical concentrations is used to estimate the concentration that comes in contact with the individual(s) at any given time and place. This can be done through personal monitoring, but for a variety of reasons, in a given assessment, personal monitoring may not be feasible. Alternative methods involve measuring the concentration in the media, or modeling the concentration distribution based on source strength, media transport, and chemical transformation processes. For exposure scenario evaluation, measurements and modeling of media concentrations are often used together.Many types of measurements can be used to help determine the distribution of chemical concentrations in media. They can be measurements of the concentrations in the media themselves, measurements of source strength, or measurements of environmental fate processes which will allow the assessor to use a model to estimate the concentration in the media at the point of contact. Table 4-1 illustrates some of the types of measurements used by exposure assessors, along with notes concerning what additional information is usually needed to use these measurements in estimating exposure or dose. For epidemiologic studies, questionnaires are often used when data are not measureable or are otherwise unavailable.

Table  4-1.—Exa m ples  o f  t y p e s  o f  m e a su r e m en t s  to  c h a r a ct er ize  e x p o s u r e -related  media and pa r a m et er s .*

Ty p e  of m easurem ent (sam ple) Usually attem pts to characterize 
(w hole) Exam ples

Typical information needed to 
characterize exposure

A. Fo r U s e  In Exposure S cenario Evaluation:

1. Fixed-Location M onitoring. Environm ental m edium ; sam ples used 
to establish long-term  indications of 
m edia quality and trends.

National Stream  Quality A ccounting 
Netw ork (N A S Q A N > ,b water quality 
networks, air quality networks.

Population location and activities rela
tive to monitoring locations; fate of 
pollutants o ver distance betw een 
monitoring and point of exposure; 
tim e variation of pollutant concentra
tion at point of exposure
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Table 4 -1 .—Examples of types of measurements to characterize exposure-related media and parameters.*—
Continued

T y p e  of m easurem ent (sam ple)
Usually attem pts to characterize 

(w hole)
Exam ples

Typical information needed to 
characterize exposure

2. S h o rt-Te rm  M edia Monitoring

3. Source  Monitoring of Facilities

4 . F o o d  S am ples (a lso see  #11 
below ).

Environm ental o r am bient m edium ; 
sam ples used to establish a  snap
shot of quality of m edium  o ver rela
tively short time.

R elease rates to the environm ent from  
sources (facilities). O ften given in 
term s of relationships be tw een re
lease am ounts and various operating 
param eters of the facilities.

Concentrations of contam inants in food 
supply.

Special studies of environm ental media, 
indoor air.

Stack sam pling, effluent sam pling, 
leachate sam pling from  landfills, in
cinerator ash  sam pling, fugitive em is
sions sam pling, pollution control 
device sam pling.

F D A  To ta l Diet Study Program,* m arket 
basket studies, shelf studies, co ok e d- 
food diet sam pling.

Population location and activities (this 
is critical since it m ust be  closely 
m atched to  variations in concentra
tions du e  to short period of study); 
fate of pollutants betw een m easure
m ent point an d  point of exposure; 
time variation of pollutant concentra
tion at point of exposure.

Fate  of pollutants from  point of entry 
into the environm ent to point of ex
posure; population location an d  ac
tivities; time variation of release.

Dietary habits of various age, sex, or 
cultural groups. Relationship betw een 
food items sam pled and groups (g e o 
graphic, ethnic, dem ographic) stud
ied. Relationships betw een concen
trations in uncooked versus prepared
food.

5. Drinking W ater Sam ples ............

6 . C o nsum er Products....... ...............

7. Breathing Z o n e  M easurem ents

8. M icroenvironm ental Stu dies......

9. Surface Soil S am ple...... .............

10. Soil C o re ......;......;...................,..

11. F ish  T is su e ............ .......................

Concentrations of pollutants in drinking 
water supply.

Concentration levels of various prod
ucts.

Exposure to airborne chem icals

A m bient m edium  in a  defined area, 
e .g ., kitchen, autom obile interior, 
office setting, parking lot.

D egree of contam ination of soil avail
able for c o n ta ct

Soil including pollution available for 
ground-w ater contam ination; c a n  be 
an  indication of quality and trends 
o ver time.

Exten t of contam ination of edible fish 
tissue.

G ro u n d  W ater S up ply S urvey,-  C o m m u 
nity W ater Supply Survey,* tap water.

Shelf surveys, e .g ., solvent concentra
tion in household c le a n e rs f.

Industrial hygiene studies, occupational 
surveys, indoor air studies..

Special studies of indoor air, house 
d u s t  contam inated surfaces, radon 
m easurem ents, office building studies.

Soil sam ples at contam inated sites ..........

Soil sam pling at hazardous w aste sites...

National Shellfish Survey *

Fate an d  distribution of pollutants from 
point of sam ple to point of consum p
tion. Population served b y  specific 
facilities an d  consum ption rates. Fo r 
exposure due to other uses (e.g., 
cooking an d  show ering), need to 
know  activity patterns an d  volatiliza
tion rates.

Establish use  patterns and/or m arket 
share of particular products, individ
ual exposure at various usage levels, 
extent of passive exposure.

Location, activities, and tim e spent rela
tive to m onitoring locations. Protec
tive m easure8/avoidance.

Activities of study populations relative 
to m onitoring locations an d  tim e ex
posed.

Fate of pollution on/in soil; activities of 
potentially exposed populations.

F ate  of substance in soil; speciation 
and bioavailabitity, contact an d  inges
tion rates as  a  function of activity 
patterns an d  age.

Relationship of sam ples to food supply 
for individuals or population of inter
est; consum ption habits; preparation 
habits.

B . F o r U s e  in P oint-of-Contact M easurem ent
1. A ir Pum p/Particulates and V apo rs.... Exposure of a n  individual or population

via the air m edium .

2. Passive V apo r S am pling.............___ _
3. Split S am ple  F ood/S piit Sam ple 

Drinking W ater.
4. Skin Patch S a m p le s ............................

S a m e  a s  ab ove.,.,___— .................................
Exposures of a n  individual o r popula

tion via ingestion..
D erm al exposure of an  individual or 

population.

T E A M  study," carbon m onoxide study.1 
Breathing zo n e  sam pling in industrial 
settings.

Direct m easurem ent of individual expo
sure during tim e sam pled. In order to 
characterize exposure to population, 
relationships betw een individuals and 
the  population m ust be  established 
as  well as  relationships betw een 
tim es sam pled a n d  other tim es for 
the sam e individuals, an d  relation
ships betw een sam pled individuals 
an d  other populations. In order to 
m ake these links, activities of the 
sam pled Individuals com pared to 
populations characterized are needed

: in som e detail. .
S a m e  a s  above.
S a m e  as above.

(1 ) S am e a s  above.
(2 ) S kin  penetration.

S a m e  as ab ove...,.................
T E A M  study

Pesticide Applicator S urvey ",
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Ta ble  4-1.—E xa m ples  o f  t y p e s  o f  m e a su r e m en t s  t o  c h a r a ct er ize  e x p o s u r e -related  media and  pa r a m et e r s .“—
Continued

T y p e  of m easurem ent (sam ple) Usually attem pts to characterize 
(w hole) Exam ples Typical information needed to 

characterize exposure

C . F o r U s e  in Exposure Estimation from  R econstructed Dose:

1. B re a th ...,....................................................... To ta l internal do se  for individuals or 
population (usually indicative of rela
tively recent exposures).

M easurem ent of volatile organic chem i
cals (V O C s ), alcohol. (U sually limited 
to volatile com pounds).

(1 ) Relationship betw een individuals 
and population; exposure history (i.e., 
steady-state or not) pharm acokinetics 
(chem ical half-life), possible storage 
reservoirs within the body.

(2 ) Relationship betw een breath c o n 
tent and bo dy burden.

2. B lo o d .............................................................. To ta l internal do se  for individuals or 
population (m a y be indicative of 
either relatively recent exposures to 
fat-soluble organics or long term  
body burden for m etals).

Lead studies, pesticides, h eavy m etals 
(usually best for soluble com pounds, 
although blood lipid analysis m ay 
reveal lipophilic com pounds).

(1 ) S a m e  as above.
(2 ) Relationship betw een blood content 

and body burden.

3. A d ip o se .......................................................... To ta l internal do se  for individuals or 
population (usually indicative of long
term  averages for fat-soluble organ
ics)..

To ta l internal dose for individuals or 
population (usually indicative of past 
exposure in w eeks to m onths range; 
can  som etim es be  used to evaluate 
exposure patterns).

N H A T S ,1 dioxin studies, P C B s  (usually 
limited to lipophilic com pounds).

1) S a m e  as above.
(2 ) Relationship betw een adipose con

tent and body burden.

4. Nails, H a ir ................................... ................. H e a vy m etal studies (usually limited to 
m etals).

(1 ) S am e as above.
(2 ) Relationship betw een nails, hair 

content and body burden.

5. U rin e ............................................................... To ta l internal dose for individuals or 
population (usually indicative of elimi
nation rates); tim e from  exposure to 
appearance in urine m ay vary, de 
pending o n  chem ical.

Studies of tetrachloroethylene “  and 
trichloroethylene ".

(1 ) S am e as above.
(2 ) Relationship betw een urine content 

and body burden.

• T o  characterize dose, intake or uptake information is also needed (see  Section 2). b U .S . E P A  (1985c). 
« U .S . E P A  (1 986f). 6 U .S . E P A  (1 985c). • U .S . E P A  (1 985d). * U .S . E P A  (1 985a).
»  U .S . E P A  (1 9860- h U .S . E P A  (1 987a). ‘ U .S . E P A  (1 987a). J U .S . E P A  (1 987a).
“ U .S . E P A  (1 987d). 1 U .S . E P A  (1 986g). ■  U .S . E P A  (1 986h). “  U .S . E P A  (1 987e).

4.2.1. Concentration Measurements in 
Environmental MediaMeasured concentration data can be generated for the exposure assessment by a new field study, or by evaluating concentration data from completed field study results and using them to estimate concentrations. Media measurements taken close to the point of contact with the individual(s) in space and time are preferable to measurements far removed geographically or temporally. As the distance from the point of contact increases, die certainty of the data at the point of contact usually decreases, and the obligation for the assessor to show relevance of the data to the assessment at hand becomes greater.For example, an outdoor air measurement, no matter how close it is taken to the point of contact, cannot by itself adequately characterize indoor exposure.Concentrations can vary considerably from place to place, seasonally, and over time due to changing emission and use patterns. This needs to be considered hot only when designing studies to collect new data, but especially when evaluating the applicability of existing measurements as estimates of exposure concentrations in a new assessment. It is a particular concern when the measurement data

will be used to extrapolate to long time periods such as a lifetime. Transport and dispersion models are frequently used to help answer these questions.The exposure assessor is likely to encounter several different types of measurements. One type of measurement used fpr general indications and trends of concentrations is outdoor fixed-location monitoring. This measurement is used by EPA and other groups to provide a record of pollutant concentration at one place over time. Nationwide air and water monitoring programs have been established so that baseline values in these environmental media can be documented. Although it is not practical to set up a national monitoring network to gather data for a particular exposure assessment, the data from existing networks can be evaluated for relevance to an exposure assessment. These data are usually somewhat removed, and often far removed, from the point of contact. Adapting data from previous studies usually presents challenges similar to those encountered when using network data. If new data are needed for the assessment, studies measuring specific chemicals at specific locations and times can be conducted.Contaminant concentrations in indoor air can vary as much or more than those in outdoor air. Consequently, indoor

exposure is best represented by measurements taken at the point of contact. However, because pollutants such as carbon monoxide can exhibit substantial indoor penetration, indoor exposure estimates should consider potential outdoor as well as indoor sourced of the contaminant(s) under evaluation.Food and drinking water measurements can also be made. General characterization of these media, such as market basket studies (where representative diets are characterized), shelf studies (where foodstuffs are taken from store shelves and analyzed), or drinking water quality surveys, are usually far removed from the point of contact for an individual, but may be useful in evaluating exposure concentrations over a large population. Closer to the point of contact would be measurements of tap water or foodstuffs in a home, and how they are used. In evaluating the relevance of data from previous studies, variations in, the distribution systems must be considered as well as the space-time proximity.Consumer or industrial product analysis is sometimes done to characterize the concentrations of chemicals in products. The formulation of products can change substantially over time, similar products do not
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necessarily have similar formulations, 
and regional differences in product 
formulation can also occur. These 
should be considered when determining 
relevance of extant data and when 
setting up sampling plans to gather new 
data.

Another type of concentration 
measurement is the microenvironmental 
measurement. Rather than using 
measurements to characterize the entire 
medium, this approach defines specific 
zones in which the concentration in the 
medium of interest is thought to be 
relatively homogenous, then 
characterizes the concentration in that 
zone. Typical microenvironments 
include the home or parts of the home, 
office, automobile, or other indoor 
settings. Microenvironments can also be 
divided into time segments (e.g., kitchen- 
day, kitchen-night). This approach can 
produce measurements that are closely 
linked with the point of contact both in 
location and time, especially when new 
data are generated for a particular 
exposure assessment. The more specific 
the microenvironment, however, die 
greater the burden on the exposure 
assessor to establish that the 
measurements are representative of the 
population of interest. Adapting existing 
data bases in this area to a particular 
exposure assessment requires the usual 
evaluation discussed throughout this 
section.The concentration measurement that provides the closest link to the actual point of contact uses personal monitoring, which is discussed in section 4.3.
4.2.2. Use o f M odels for Concentration 
Estimation

If concentrations in the media cannot 
be measured, they can frequently be 
estimated indirectly by using related 
measurements and models. To 
accomplish this, source and fate 
information are usually needed. Source 
characterization data are used as input 
to transport and transformation models 
(environmental fate models). These 
models use a combination of general 
relationships and situation-specific 
information to estimate concentrations. 
In exposure assessments, mathematical 
models are used extensively to calculate 
environmental fate and transport, 
concentrations of chemicals in different 
environmental media, the distribution of 
concentrations over space and time, 
indoor air levels of chemicals, 
concentrations in foods, etc. In 
determining the relevance of this type of 
model for estimating concentrations, the 
same rules apply as for the 
measurements of concentrations 
discussed in the previous section. When

concentrations in the media are 
available, models can be used to 
interpolate concentrations between 
measurements. Because models rely on 
indirect measurements and data remote 
from the point of contact, statistically 
valid analytical measurements take 
precedence when discrepancies arise. 
When it is necessary to estimate 
contributions of individual sources to 
overall concentrations, models are 
commonly used.

Source characterization 
measurements usually determine the 
rate of release of chemicals into the 
environment from a point of emission 
such as an incinerator, landfill, 
industrial facility, or other source. Often 
these measurements are used to 
estimate emission factors, or a 
relationship between releases and 
facility operations. Since emission 
factors are usually averages over time, 
the assessor must determine whether 
given emission factors from previous 
work are relevant to the time specificity 
and source type needed for the exposure 
assessment. Generally, emission factors 
are more useful for long-term average 
emission calculations, and become less 
useful when applied to intermittent or 
short-term exposures.

Environmental fate measurements can 
be either field measurements (field 
degradation studies, for example) or 
laboratory measurements (partition 
coefficients, hydrolysis, or 
biodegradation rates, etc.). 
Approximations for these can 
sometimes also be calculated (Lyman et 
al., 1982).

Environmental fate models calculate 
estimated concentrations in media that 
in turn are linked to the concentrations 
at the point of contact. The use of 
estimated properties or rates adds to the 
uncertainty in the exposure 
concentration estimate. When assessors 
use these methods to estimate 
exposures, uncertainties attributable to 
the model and the validation status of 
the model must be clearly discussed in 
the uncertainty section (see discussion 
in section 6).
4.2.3. Selection o f M odels for 
Environmental Concentrations

Selection of an appropriate model is 
essential for successful simulation of 
chemical concentrations. In most cases 
assessors will be able to choose 
between several models, any of which 
could be used to estimate environmental 
concentrations. There is no right model; 
there may not even be a best model. 
There are, however, several factors that 
will help in selecting an appropriate 
model for the study. The assessor should 
consider the objectives of the study, the

technical capabilities of the models, how readily the models can be obtained, and how difficult each is to use (U.S. EPA, 1987b, 1988f, 1991b).
The primary consideration in selecting 

a model is the objective of the exposure 
assessment. The associated schedule, 
budget, and other resource constraints 
will also affect model selection options. 
Models are available to support both 
screening-level and detailed, site- 
specific studies. Screening models can 
provide quick, easy, and cost-effective 
estimates of environmental 
concentrations. They can support data 
collection efforts at the site by 
indicating the required level of detection 
and quantification and the locations 
where chemical concentrations are 
expected to be highest. They are also 
used to interpolate chemical 
concentrations between measurements. 
Where study objectives require the best 
estimates of spatial and temporal 
distributions of chemicals, more 
sophisticated models are available. 
These models require more and better 
data to characterize the site, and 
therefore site-specific data may be 
needed in order to use them.

The technical capabilities of a model 
are expressed in its ability to simulate 
site-specific contaminant transport and 
transformation processes. The model 
must be able to simulate the relevant 
processes occurring within the specified 
environmental setting. It must 
adequately represent the physical 
setting (e.g., the geometric configuration 
of hydrogeological systems, river widths 
and depths, soil profiles, meteorological 
patterns, etc.) and the chemical 
transformation processes. Field data 
from the area where doses are to be 
estimated are necessary to define the 
input parameters required to use the 
models. In cases in which these data are 
not available, parameter values 
representative of field conditions should 
be used as defaults. Assumptions of 
homogeneity and simplification of site 
geometry may allow use of simpler 
models.

In addition, it is important to 
thoroughly understand the performance 
characteristics of the model used. This is 
especially true with regard to the more 
complex models. Detailed models can be 
quite complex with a large number of 
input variables, outputs, and computer- 
related requirements.
4.3. Estimating Duration o f Contact

As discussed in section 2, the duration 
of contact is linked to a particular 
exposure concentration to estimate 
exposure. Depending on the purpose of 
the assessment and the confidence



federal Register / Vol. 57, No. 104 / Friday, M a y  29, 1992 / Notices 22913needed in the accuracy of the final estimate, several approaches for obtaining estimates of duration of contact can be used.Ideally, the time that the individual is in contact with a chemical would be observed and recorded, and linked to the concentrations of the chemical during those time segments. Although it is sometimes feasible to do this (by point-of-contact measurement, see section 4.1.), many times it is not. In those cases, as in concentration characterization, the duration of contact must be estimated by using data that may be somewhat removed from the actual point of contact, and assumptions must be made as to the relevance of the data.It is common for the estimate of duration of contact at a given concentration to be the single largest source of uncertainty in an exposure assessment.24 The exposure assessor, in developing or selecting data for making estimates of duration of contact, must often assume that the available data adequately represent exposure.
4.3.1. Observation and Survey DataObservation and recording of activities, including location-time data, are likely to be the types of data collection closest to the point of contact. This can be done by an observer or the person(s) being evaluated for exposure, and can be done for an individual, a population segment, or a population.The usual method for obtaining these data for population segments or populations is survey questionnaires. Surveys can be performed as part of the data-gathering efforts of the exposure assessment, or existing survey data can be used if appropriate.There are several approaches used in activity surveys, including diaries, respondent or third-party estimates, momentary sampling, videomonitoring, and behavioral meters. The diary approach, probably the most powerful method for developing activity patterns, provides a sequential record of a person’s activities during a specified time period. Typical time-diary studies are done across a day or a week. Diary forms are designed to have respondents report all their activities and locations for that period. Carefully designed forms arp especially important for diary studies to ensure that data reported by each individual are comparable. The

"Conversely, it may be stated that the largest 
source of uncertainty is the concentration for a 
given exposure duration. Often, however, the 
concentration in the media is known with more 
certainty than the activities of the individuals} 
exposed.

resulting time budget is a sample of activity that can be used to characterize an individual’s behavior, activities, or other features during the observation period. Sequential activity monitoring forms the basis of an activity profile.Several studies have demonstrated the reliability of the diary method in terms of its ability to produce similar estimates. One study (Robinson, 1977) found a 0.85 correlation between diary estimates using the yesterday and tomorrow approaches and a 0.86 correlation between overall estimates. However, no definitive study has established the validity of time-diary data.Questionnaires are used for direct questions to collect the basic data needed. Questionnaire design is a complex and subtle process, and should only be attempted with the help of professionals well-versed in survey techniques. A  useful set of guidelines is provided in the Survey Management Handbook (U.S. EPA, 1984b).Respondent estimates are the least expensive and most commonly used questionnaire alternative. Respondents are simply asked to estimate the time they spend at a particular activity. Basically, the question is, how many hours did you spend doing this activity (or in this location or using a certain product)? In exposure studies, respondents may be asked how often they use a chemical or product of interest or perform a specific activity. These data are less precise and likely to be somewhat less accurate than a carefully conducted diary approach.A t a less demanding level, respondents may be asked whether their homes contain items of interest (pesticides, etc.). Since this information is not time-of-activity data, it is more useful in characterizing whether the chemical of interest is present. It does, however, give the assessor some indication that use may occur.Estimates from other respondents (third parties) use essentially the same approach, except that other informants respond for that individual. Here the question is how many hours per week does the target person spend doing this activity?Momentary (beeper) sampling or telephone-coincidental techniques ask respondents to give only brief reports for a specific moment — usually the moment the respondent’s home telephone or beeper sounds. This approach is limited to times when people are at home or able to carry beepers with them.Methods that use behavioral meter or monitoring devices are probably the

most expensive approach, since they require the use or development of equipment, respondent agreement to use such equipment, and technical help to install or adjust the equipment.The Exposure Factors Handbook (U.S. EPA, 1989c) contains a summary of published data on activity patterns along with citations. Note that the summary data and the mean values cited are for the data sets included in the Handbook, and may or may not be appropriate for any given assessment.
4.3.2. Developing Other Estimates of 
Duration o f ContactWhen activity surveys cannot be used to estimate duration of contact, it may be estimated from more indirect data. This is the least expensive and most commonly used approach for generating estimates of duration of contact; it is also the least accurate. But for some situations, such as assessing the risk to new chemicals being introduced into the marketplace or in assessing future possible uses of contaminated sites, it is the only approach that can be used.In general, the methods used to make these estimates fall into two areas: (1) those where the time it takes to perform an activity is itself estimated, and (2) those where an average duration of contact is estimated by combining the time of a unit activity with data on the use of a product or commodity.Methods that try to estimate the time of a particular activity include general time-and-motion studies that might be adapted for use in an exposure assessment, general marketing data which include time of use, anecdotal information, personal experience, and assumptions about the amount of time it takes to perform an activity.Methods that estimate average times for activities from product or commodity use usually interpret data on product sales or marketing surveys, water use, general food sales, etc. Information on use can be combined with an estimate of the number of persons using the product to estimate the average consumption of the product. If an estimate of the duration of contact with one unit (product, gallon of water, etc.) can be made, this can then be multiplied by the average number of units consumed to arrive at an estimate of average duration of contact for each individual.Duration-of-contact estimates based on data collected close to the actual point of contact are preferable to those based on indirect measurements; both of these are preferred to estimates based on assumptions alone. This hierarchy is
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useful in both the data-gathering process and uncertainty analysis.
4.4. Obtaining Data on Body Burden or 
BiomarkersBody burden or biomarker data denote the presence of the chemical inside the body of exposed individuals. In a reconstructive assessment, these data, in conjunction with other environmental monitoring data, may provide a better estimate of exposure.A  biomarker of exposure has been defined as an exogenous substance or its metabolite or the product of an interaction between a xenobiotic agent and some target molecule or cell that is measured in a compartment within an organism (NRC, 1989a). Examples of simple direct biomarkers include the chemical itself in body fluid, tissue, or breath. Measurable changes in the physiology of the organism can also constitute markers of exposure. Examples include changes in a particular enzyme synthesis and activity. The interaction of xenobiotic compounds with physiological receptors can produce measurable complexes which also serve as exposure biomarkers. Other markers of exposure include xenobiotic species adducted to protein or DNA, as well as a variety of genotoxicity endpoints, such as micronuclei and mutation. Some biomarkers are specific to a given chemical while others may result from exposure to numerous individual or classes of compounds.Biomarker data alone do not usually constitute a complete exposure assessment, since these data must be associated with external exposures. However, biomarker data complement other environmental monitoring data and modeling activities in estimating exposure.
4.5. Obtaining Data for Pharmacokinetic 
RelationshipsTo estimate dose from exposure, one must understand the pharmacokinetics of the chemical of interest. This is particularly true when comparing risks resulting from different exposure situations. Two widely different exposure profiles for die same chemical may have the same integrated exposure (area under the curve), but may not result in the same internal dose due to variations in disposition of the chemical under the two profiles. For example, enzymes that normally could metabolize low concentrations of a chemical may be saturated when the chemical is absorbed in high doses, resulting in a higher dose delivered to target tissues. The result of these two exposures may even be a different toxicological

endpoint, if pharmacokinetic sensitivities are severe enough.An iterative approach, including both monitoring and modeling, is necessary for proper data generation and analysis. Data collection includes monitoring of environmental media, personal exposure, biomarkers, and pharmacokinetic data. It may involve monitoring for the chemical, metabolites, or the target biomarker. Monitoring activities must be designed to yield data that are useful for model formulation and validation. Modeling activities must be designed to simulate processes that can be monitored with available techniques. The pharmacokinetic data necessary for model development are usually obtained from laboratory studies with animals. The data are generated in experiments designed to estimate such model parameters as the time course of the process, absorption, distribution, metabolism, and elimination of the chemical. These data, and the pharmacokinetic models developed from them, are necessary to interpret field biomarker data.
4.6. Obtaining Data on Intake and 
UptakeThe Exposure Factors Handbook (U.S. EPA, 1989c) presents statistical data on many of the factors used in assessing exposure, including intake rates, and provides citations for the primary references. Some of these data were developed by researchers using approaches discussed in Section 4.2.1 (for example, Pao et al. (1982) used the diary approach in a study of food consumption). Intake factors included are:• Drinking water consumption rates;• Consumption rates for homegrown fruits, vegetables, beef, and dairy products;• Consumption rates for recreationally caught fish and shellfish;• Incidental soil ingestion rates;• Pulmonary ventilation rates; and• Surface areas of various parts of the human body.The Exposure Factors Handbook is being updated to encompass additional factors and to include new research data on the factors currently covered. It also provides default parameter values that can be used when site-specific data are not available. Obviously, general default values should not be used in place of known, valid data that are more relevant to the assessment being done.5. Using Data to Determine or Estimate Exposure and DoseCollecting and assembling data, as discussed in the previous section, is

often an iterative process. Once the data are assembled, inferences can be made about exposure concentrations, times of contact, and exposures to persons other than those for whom data are available. During this process, there usually will be gaps in information that can be filled by making a series of assumptions. If these gaps are in areas critical to the accuracy of the assessment, further data collection may be necessary.Once an acceptable data set29 is available, the assessor can calculate exposure or dose. Depending on the method used to quantify exposure, there are several ways to calculate exposure and dose. This chapter will discuss making inferences (section 5.1), assumptions (section 5.2), and calculations (section 5.3).
5.1. Use o f Data in Making Inferences 
for Exposure Assessm entsInferences are generalizations that go beyond the information contained in a data set The credibility of an inference is often related to the method used to make it and the supporting data. Anecdotal information is the source of one type of inference, but the assessor has only limited knowledge of how well one anecdote represents the realm of possibilities, so anecdotes as a basis for inference should be used only with considerable caution. Professional judgment is usually preferred to anecdotes assuming that it is based on experience representing a variety of conditions. Statistical inferences also are generalizations that go beyond the data set. They may take any of several forms (see any statistics textbook for examples), but unlike those described above, a statistical inference will usually include a measure of how certain it is. For that reason, statistical inferences are often preferable to anecdotes or professional judgment provided the data are shown to be relevant and adequate.A s discussed above, the primary use of data from exposure-related measurements is to infer more general information about exposure concentrations, contact times, exposures, or doses. For example, measured concentrations in a medium can be used to infer what the concentration might be at the point of contact, which may not have been measured directly. Point-of-contact measurement data for one group of people may be used to infer the

16 A n acceptable data set is one that is consistent 
with the scope, depth, and purpose of the 
assessment, and is both relevant and adequate as 
discussed in Section 5.1.



Federal Register / Vol. 57, No. 104 / Friday, M a y 29, 1992 / Notices 22915exposures of a similar group, or to infer what the exposures of the same group might be at different times.In all cases, the exposure assessor must have a clear picture of the relationship between the data at hand and what is being characterized by inference. For example, surface water concentration data alone, although essential for characterizing the medium itself, are not necessarily useful for inferring exposures from surface water, since other information is necessary to complete the link between surface water and exposure. But the medium’s characteristics (over space and time) can be used, along with the location and activities of individuals or populations, to estimate exposures. Samples taken for exposure assessment may be designed to characterize different aspects (or components) of exposure.For example, a sample taken as a point- of-contact exposure measurement is qualitatively different from a sample of an environmental medium or body fluid.Different measurements taken under the general category of exposure-related measurements cannot necessarily all be used in the same way. The exposure assessor must explain the relationship between the sample data and the inferences or conclusions being drawn from them. In order to do this, data relevance, adequacy, and uncertainty must be evaluated.
5.1.1. Relevance o f Data for the Intended 
Exposure Assessm entWhen making inferences from a data set, die assessor must establish a clear link between the data and the inference. When statistically based sampling is used to generate data, relevance is a function of how well the sample represents the medium or parameter being characterized. When planning data collection for an exposure assessment, the assessor can use information about the inferences that will be made to select the best measurement techniques. In many cases data are also available from earlier studies. The assessor must determine (and state) how relevant the available data are to the current assessment; this is usually easier for new data than for previously collected information.
5.1.2. Adequacy o f Data for the Intended 
Assessm entTable 4-1 in the previous section illustrated how different types of measurements may be used to characterize a variety of concentrations, contact times, and intake or uptake parameters. Nevertheless, just because certain types of measurements generally can be used to make certain inferences,

there is no guarantee that this can 
always be done. The adequacy of the 
data to make inferences is determined 
by evaluating the amount of data 
available and the accuracy of the data. 
Evaluation of the adequacy of data will 
ensure that the exposure assessment is 
conducted with data of known quality.

In general, inadequate data should not 
be used, but when it can be 
demonstrated that the inadequacies do 
not affect results, it is sometimes 
possible to use such data. In these cases, 
an explanation should be given as to 
why the inadequacies do not invalidate 
conclusions drawn from them. In some 
cases, even seriously inadequate or only 
partially relevant data may be the only 
data available, and some information 
may be gained from their consideration. 
It may not be possible to discard these 
data entirely unless better data are 
available. If these data are used, the 
uncertainties and resulting limitations of 
the inferences should be clearly stated.
If data are rejected for use in favor of 
better data, the rationale for rejection 
should be clearly stated and the basis 
for retaining the selected data should be 
documented. QA/QC considerations are 
paramount in considerations of which 
data to keep and which to discard.

Outliers should not be eliminated 
from data analysis procedures unless it 
can be shown that an error has occurred 
in the sample collection or analysis 
phases of die study. Very often outliers 
provide much information to the study 
evaluators. Statistical tests such as the 
Dixon test exist to determine the 
presence of outliers (Dixon, 1950,1951, 1953,1960).
5.1.2.1. Evaluation o f Analytical 
Methods

Analytical methods are evaluated in 
order to develop a data set based on 
validated analytical methods and 
appropriate QA/QC procedures. In a 
larger sense, analytical methods can be 
evaluated to determine the strength of 
the inferences made from them, and in 
turn, the confidence in the exposure 
assessment itself. Consequently, it is 
just as important to evaluate analytical 
methods used for data generated under 
another study as it is to evaluate the 
methods used to generate new data.The EPA has established extensive Q A /Q C procedures (U.S. EPA, 1980). Before measurement data are used in the assessment, they should be evaluated against these procedures and the results stated. If this is not possible, the assessor must consider what effect the unknown quality of the data has on the confidence placed on the inferences and conclusions of the assessment

5.1.2.2. Evaluation o f Analytical Data 
Reports

An assortment of qualifiers is often 
used in data validation. These qualifiers 
are used to indicate QA/QC problems 
such as uncertain chemical identity or 
difficulty in determining chemical 
concentration. Qualifiers usually appear 
on a laboratory analysis report as a 
letter of the alphabet next to the 
analytical result Some examples of data 
qualifiers, applied by U.S. EPA regional 
reviewers for Contract Laboratory 
Program (CLP) data include:B (blank)—the analyte was found in blank samples;J (judgment)—the compound is present but the concentration value is estimated;

U (undetected)—the chemical was 
analyzed for but not detected at the 
detection limit;R (reject)—the quality control indicates that the data are unusable.
The exposure assessor may contact the 
laboratory or the person who validated 
the data if the definitions of the 
qualifiers are unclear. Since the 
exposure assessment is only as good as 
the data supporting it, it is essential to 
interpret these types of data properly to 
avoid misrepresenting the data set or 
biasing the results.
5.I.2.2.I. Evaluation o f Censored Data 
SetsExposure assessors commonly encounter data sets containing values that are lower than limits deemed reliable enough to report as numerical values (i.e., quantification limits [QL]). These data points are often reported as nondetected and are referred to as censored. The level of censoring is based on the confidence with which the analytical signal can be discerned from the noise. While the concentration may be highly uncertain for substances below the reporting limit, it does not necessarily mean that the concentration is zero. As a result the exposure assessor is often faced with the problem of having to estimate values for the censored data. Although a variety of techniques have been described in the literature, no one procedure is appropriate under all exposure assessment circumstances; thus, the exposure assessor will need to decide on the appropriate method for a given situation. Techniques for analyzing censored data sets can be grouped into three classes (Helsel, 1990): Simple substitution methods, distributional methods, and robust methods.

Simple substitution methods, the most 
commonly encountered technique,
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involve substitution of a single value as a proxy for each nondetected data value. Frequently used values have included zero, the QL, QL/2, and Q L / V 2 >In the worst-case approach, all nondetects are assigned the value of the QL, which is the lowest level at which a chemical may be accurately and reproducibly quantitated. This approach biases the mean upward. On the other hand, assigning all nondetects the value of zero biases the mean downward. The degree to which the results are biased will depend on the relative number of detects and nondetects in the data set and the difference between the reporting limit and the measured values above it.In an effort to minimize the obvious bias introduced by choosing either zero or the QL as the proxy, two other values have been suggested, i.e., QL/2 and QL/V2. Assigning all nondetects as QL/2 (Nehls and Akland, 1973) assumes that all values between the QL and zero are equally likely; therefore, an average value would result if many samples in this range were measured. Homung and Reed (1990) discuss the merits of assigning a value of Q L / V 2  for nondetects rather than QL/2 if the data are not highly skewed (geometric standard deviation <  3.0); otherwise they suggest using QL/2.Based on reported analyses of simulated data sets that have been censored to varying degrees (Gleit, 1985; Homing and Reed, 1990; Gilliom and Helsel, 1986; Helsel and Cohn, 1988), it can be concluded that substitution with QL/2 or QL/V2 for nondetects will be adequate for most exposure assessments provided that the nondetects do not exceed 10% to 15% of the data set or the data are not highly skewed. When such situations arise, the additional effort to make use of more sophisticated methods as discussed below is recommended. On the other hand, the exposure assessor may encounter situations in which the purpose of the assessment is only to serve as a screen to determine if a health concern has been triggered or if a more detailed study is required, then assigning the value of the QL to all nondetect values can be justified. If, when using this conservative approach, no concern is indicated, then no further effort is warranted. This method cannot be used to prove an unacceptable risk exists, and any exposure values calculated using this method should be caveated and clearly presented as "less than" estimates.

“ Som e program s, such as the U .S . D epa rtm ent of 
E n e rg y  (1991), do  not recom m end this procedure at 
a ll, if  it can be avoid ed.

Distributional methods, unlike simple substitution methods, make use of the data above the reporting limit to extrapolate below it. One such technique is the use of log-probit analysis. This approach assumes a lognormal probability distribution of the data. In the probit analysis, the detected values are plotted on the scale and the nondetectable values are treated as unknowns, but their percentages are accounted for. The geometric mean is determined from the 50th percentile. As discussed by Travis and Land (1990), limitations of the method have been pointed out, but it is less biased and more accurate than the frequently used substitution methods. This method is useful in situations where the data set contains enough data points above the reporting limit to define the distribution motion for the exposure values (i.e., gnormal) with an acceptable degree of mfidence. The treatment of the Dndetectable samples is then raightforward, assuming the nondetectable samples follow the same distribution as those above the reporting limit.Robust methods have an advantage over distributional methods in so far as they do not assume that the data above the reporting limit follow a defined distribution (e.g., lognormal) and they are not subject to transformation bias in going from logarithms back to original units. Gilliom and Helsel (1986) have described the application of several approaches to data sets of varying sample size and degree of censoring. These methods involve somewhat more data manipulation than the log-probit method discussed earlier in this Section, but they may be more appropriate to use when the observed data do not fit a lognormal distribution. Generally, these methods only assume a distributional form for the censored values rather than the entire data set, and extrapolation from the uncensored data is done by using regression techniques.In summary, when dealing with censored data sets, a variety of approaches can be used by the exposure assessor. Selecting the appropriate method requires consideration of the degree of censoring, the goals of the exposure assessment, and the accuracy required. Regardless of the method selected, the assessor should explain the choice made and how it may affect the summary statistics. Presenting only the summary statistics developed by one of these methods should be avoided. It is always useful to include a characterization of the data by the percentage of detects and nondetects in language such as “in 37% of the samples

the chemical was detected above the quantitation limit; of these 37%, the mean concentration was 47 ppm, the standard deviation was 5 ppm, etc."
5.I.2.2.2. Blanks and RecoveryBlank samples should be compared with the results from their corresponding samples. When comparing blank samples to the data set, the following rules should be followed (outlined in section 3):• Sample results should be reported only if the concentrations in the sample exceed 10 times the maximum amount detected in the blank for common laboratory contaminants. Common laboratory contaminants include: acetone, 2-butanone (or methyl ethyl ketone), methylene chloride, toluene, and phthalate esters.• Sample results should be reported only if the concentrations in the sample exceed 5 times the maximum amount detected in a blank for chemicals that are not common laboratory contaminants.In general, for other types of qualifiers, the exposure assessor may include the data with qualifiers if they indicate that a chemical’s concentration is uncertain, but its identity is known. If possible, the uncertainties associated with the qualifier should be noted.Chemical spike samples that show abnormally high or low recoveries may result in qualified or rejected data. Assessors should not use rejected data; these samples should be treated as if the samples were not taken, since the resulting data are unreliable. Typically, analytical results are reported from the laboratory unadjusted for recovery, with the recovery percentage also reported. The assessor must determine how these data should be used to calculate exposures. If recovery is near 100%, concentrations are not normally adjusted (although the implicit assumption of 100% recovery should be mentioned in the uncertainty section). However, the assessor may need to adjust the data to account for consistent, but abnormally high or low recovery.The rationale for such adjustments should be clearly explained; individual program offices may develop guidance on the acceptable percent recovery limits before data adjustment or rejection is necessary.
5.1.3. Combining Measurement Data 
Sets from Various StudiesCombining data from several sources into a single data set must be done cautiously. The circumstances under which each set of data was collected (target population, sampling design,



Federal Register / Vo L 57, No. 104 / Friday, M a y 29, 1992 / Notices 22917location, time, etc.) and quality (precision, accuracy, representativeness, completeness, etc.) must be evaluated. Combining summary statistics of the data sets (e.g., means) into a single set may be more appropriate than combining the original values. Statistical methods are available for combining results from individual statistical tests. For example, it is sometimes possible to use several studies with marginally significant results to justify an overall conclusion of a statistically significant effect.The best way to report data is to provide sufficient background information to explain what was done and why, including clear documentation of the source of the data and including any references.
5.1.4. Combining Measurement Data and 
Modeling ResultsCombining model results with measurement data must be done with an understanding of how this afreets the resulting inferences, conclusions, or exposure estimates. If model results are used in lieu of additional data points, they must be evaluated for accuracy and representativeness as if they were additional data, and the uncertainty associated with this data combination must be described fully, as discussed in section 5.1.3.On the other hand, measurement data are often used within the context of the model itself, as calibration and verification points, or as a check on the plausibility of the model results. If measurements are used within the model, the uncertainty in these measurements affects the uncertainty of the model results, and should be discussed as part of the uncertainty of the model results.
5.2. Dealing With Data GapsEven after supplementing existing measurement data with model results, there are likely to be gaps in the information base to be used for calculating exposures and doses. There are several ways to deal with data gaps. None are entirely satisfactory in all situations, but they can be useful depending on the purposes of the assessment and the resources available. The following options can be used singly or in combination:• New data can be collected. This may be beyond the reach of the assessor's resources, but promises the best chance for getting an accurate answer. It is most likely to be a useful option if the new data are quick and easy to obtain.• The scope of the assessment can be narrowed. This is possible if the data

gaps are in one pathway or exposure route, and the others have adequate data. It may be a viable option if the pathway or route has values below certain bounds, and those bounds are small relative to the other pathways being evaluated. This is unlikely to be satisfactory if the part of the assessment deleted is an important exposure pathway or route and must be evaluated.• Conservative*7 assumptions can be used. This option is useful for establishing bounds on exposure parameters, but limits how the resulting exposures and doses can be expressed. For example, if one were to assume that a person stays at home 24 hours a day as a conservative assumption, and used this value in calculations, the resulting contact time would have to be expressed as an upper limit rather than a best estimate. When making conservative assumptions, the assessor must be aware of (and explain) how many of these are made in the assessment, and how they influence the final conclusions of the assessment.38• Models may be used in some cases, not only to estimate values for concentrations or exposures, but also to check on how conservative certain assumptions are.• Surrogate data may also be used in some cases. For example, for pesticide applicators’ exposure to pesticides, the EPA Office of Pesticide Programs (U.S. EPA, 1987d) assumes that the general parameters of application (such as the human activity that leads to exposure) are more important than the properties of the pesticide in determining the level of exposure.39 This option assumes that surrogate data are available and that the differences between the chemical and the surrogate are small. If a clear relationship can be determined between the concentration of a chemical and the surrogate (usually termed an indicator chemical) in a medium, this relationship could also be used to fill data gaps. In any case, the strength and character of the relationship between the chemical and the surrogate must be explained.
17 "Conservative" assumptions are those which 

tend to maximize estimates of exposure or dose, 
such as choosing a value near the high end of the 
concentration or intake rate range.M O bviously, the mathem atical product o f several conservative assumptions is more conservative than any single assumption alone. Ultim ately, this could lead to unrealistically conservative bounding estim ates (see section 5.3).

“ Note that when using a passive dosimetry 
monitoring method, what is measured is the amount 
of chemical impinging on the skin surface or 
available for inhalation, that is, exposure, not the 
actual dose received. Factors such as dermal 
penetration, are, of course, expected to be highly 
chemical dependent.

• Professional judgment can be used. The utility of this option depends on the confidence placed in the estimate. Expert opinion based on years of observation of similar circumstances usually carries more weight than anecdotal information. The assessor must discuss the implications of these estimates in the uncertainty analysis.
5.3. Calculating Exposure and DoseDepending on the approach used to quantify exposure and dose, various types of data will have been assembled. In calculating exposures and doses from these data, the assessor needs to direct attention specifically to certain aspects of the data. These aspects include the use of short-term data for long-term projections, the role of personal monitoring data, and the particular way the data might be used to construct scenarios. Each of these aspects is covered in turn below.
5.3.1. Short-Term Versus Long-Term 
Data for Population ExposuresShort-term data, for the purposes of this discussion, are data representing a short period of time measured (or modeled) relative to the time period covered in the exposure assessment. For example, a 3-day sampling period would produce short-term data if the exposure assessment covered a period of several years to a lifetime. The same 3-day sampling period would not be considered short-term if the assessment covered, say, a few days to a week.Short-term data can provide a snapshot of concentrations or exposures during that time, and an inference must be made about what that means for the longer term if the exposure assessment covers a long period. The assessor must determine how well the short-term data represent the longer period.Even when short-term population data are statistically representative (i.e., they describe the shape of the distribution, the mean, and other statistics), use of these short-term data to infer long-term exposures and risks must be done with caution. Using short-term data to estimate long-term exposures has a tendency to underestimate the number of people exposed, but to overestimate the exposure levels to the upper end of the distribution, even though the mean will remain the same.*0Both

“ Consider, for exam ple, a hypothetical set o f 100 rooms (microenvironments) where the concentration o f a particular pollutant is Zero in 50 o f them, and ranges stepwise horn 1 to 50 (nominal concentration units) in the remainder. If one person were in each room, short-term "snapshot" monitoring would show  that 50 people were
Continued
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concentration variation at a single point 
and population mobility will drive the 
estimates of the levels of exposure for 
the upper tail of the distribution toward 
the mean. If short-term data are used for 
long-term exposure or dose estimates, 
the implications of this on the estimated 
exposures must be discussed in the 
assessment. Likewise, use of long-term 
monitoring data for specific short-term 
assessments can miss significant 
variations due to short-term conditions 
or activities. Long-term data should be 
used cautiously when estimating short
term exposures or doses, and the 
implications should be discussed in the 
assessment.
5.3.2. Using Point-of-Contact Data to 
Calculate Exposure and Dose

Point-of-contact exposure 
assessments are often done with the 
intent of protecting the individuals, often 
in an occupational setting. When 
exposures are being evaluated to 
determine whether they exceed an 
action level or other benchmark, point- 
of-contact measurements are the most 
relevant data.

Typically, point-of-contact 
measurement data reflect exposures 
over periods of minutes to perhaps a 
week or so. For individuals whose 
exposures have been measured, these 
data may be used directly as an 
indication of their exposure during the 
sampling period, provided they are of 
adequate quality, measure the 
appropriate chemical, and actually 
measure exposure while it occurs. This 
is the only case in which measurement 
data may be used directly as exposure 
data.

When using point-of-contact 
measurements, even with statistically 
based data, several inferences still must 
be made to calculate exposure or dose:• inferences must be made to apply short-term measurements of exposure to long-term estimates of exposure; these are subject to the cautions outlined in section 5.3.1.

• Inferences must be made about the 
representativeness of the individual or 
persons sampled for the individual or

unexposed and the others were exposed to 
concentrations ranging from 1 to 50. If the 
concentration in each room remained constant and 
people were allowed to visit any room at random, 
long-term monitoring would indicate that all 100 
were exposed to a mean concentration of 12.75. The 
short-term data would tend to overestimate 
concentration and underestimate the number of 
persons exposed if applied to long-term exposures. 
If only average values were available, the long-term 
data would tend to underestimate concentration 
and overestimate the number exposed if applied to 
short-term exposures. Because populations are not 
randomly mobile or static, the exposure assessor 
should determine what effect this has oh the 
exposure estimate.

population segment for which the assessment is done.
• Inferences must be made about the 

factors converting measured exposure to 
potential or internal dose for use in a 
risk assessment.• If the assessment requires it, inferences must be made about the relationship between the measured chemical exposures and the presence and relative contribution of various sources of the chemical.
5.3.3. The Role o f Exposure Scenarios in 
Exposure Assessm entExposure scenarios have several functions in exposure and risk assessments. First, they are calculational tools to help the assessor develop estimates of exposure, dose, and risk. Whatever combination of data and models is used, the scenario will help the assessor to picture how the exposure is taking place, and will help organize the data and calculations. Second, the estimates derived from scenarios are used to develop a series of exposure and risk descriptors, which were discussed in section 2.3. Finally, exposure scenarios can often help risk managers make estimates of the potential impact of possible control actions. This is usually done by changing the assumptions in the exposure scenario to the conditions as they would exist after the contemplated action is implemented, and reassessing the exposure and risk. These three uses of exposure assessments are explained in sections 5.3.3.1, 5.3.3.2, and 5.3.3.3, respectively.A n exposure scenario is the set of information about how exposure takes place. Ah exposure scenario generally includes facts, data, assumptions, inferences, and sometimes professional judgment about the following:• The physical setting where exposure takes place (exposure setting)• The exposure pathway(s) from 
8 0 urce(s) to exposed individual(s) (exposure pathways)

• The characterization of the 
chemical, i.e., amounts, locations, time 
variation of concentrations, source 
strength, environmental pathways from 
source to exposed individuals, fate of 
the chemical in the environment, etc. . 
(characterization of the chemical)• Identification of the individual(s) or population(s) exposed, and the profile of contact with the chemical based on behavior, location as a function of time, characteristics of the individuals, etc. (characterization of the exposed population)

• If the dose is to be estimated, 
Assumptions about the transfer of the

chemical across the boundary, i.e., ingestion rates, respiration rates, absorption rates, etc. (intake and uptake rates)It usually is necessary to know whether the effect of concern is chronic, acute, or dependent on. a particular exposure time pattern.The risk characterization, the link between the development of the assessment and the use of the assessment, is usually communicated in part to the risk manager by means of a series of ‘‘risk descriptors,” which are merely different ways to describe the risk. Section 2.3 outlined two broad types of descriptors: individual risk descriptors and population risk descriptors, with several variations for each. To the exposure or risk assessor, different types of risk information require different risk descriptors and different analyses of the data. The following paragraphs discuss some of the aspects of developing and using exposure scenarios in various functions for exposure assessment.
5.3.3.I. Scenarios as a Means to 
Quantify Exposure and DoseWhen using exposure scenario evaluation as a means to quantify exposure and dose, it is possible to accumulate a large volume of data and estimated values, and both the amount and type of information can vary widely. The exposure scenario also contains the information needed to calculate exposure, since the last three bullets above (section 5.3.3) are the primary variables in most exposure and dose equations.As an example, consider Equation 2-5, the equation for lifetime average daily potential dose (LADDpot). This equation uses the variables of exposure concentration (CJ, intake rate (DR), and exposure duration (ED) as the three primary variables. Body weight (BW) and averaging time (AT) (in this case, lifetime, LT) are not related to the exposure or dose per se, but are averaging variables used to put the resulting dose in convenient units of lifetime average exposure or dose per kg of body weight.In looking at the three primary variables (C, IR, and ED), the exposure assessor must determine what value to use for each to solve the equation. In actuality, the information available for a variable like C may consist of measurements of various points in an environmental medium, source and fate characterizations, and model results. There will be uncertainty in the values for C for any individual; there will also be variability among individuals. Each



Federal Register / Vol. 57, No. 104 / Friday, May 29, 1992 / Notices 22919of these primary variables will be represented by a range of values, even though at times, the boundaries of this range will be unknown. How exposure or dose is calculated depends on how these ranges are treated.In dealing with these ranges in trying to solve the equation for LADD, the assessor has at least two choices. First, statistical tools, such as the Monte Carlo analysis, can be used to enter the values as frequency distributions, which results in a frequency distribution for the LADD. This is an appropriate strategy when the frequency distributions are known for C, IR, and ED (or for the uptake analogs, C, Kp, SA , and ED introduced in section 2), and when these variables are independent.A  second approach is to select or estimate discrete values from the ranges of each of the variables and use these values to solve the LADD equation. This approach usually results in a less certain estimate, but may be easier to do. Which values are used determines how the resulting estimate will be described. Several terms for describing such estimates are discussed in section5.3.3.2.Since exposure to chemicals occurs through a variety of different pathways, contact patterns, and settings, sufficient perspective must be provided to the users of the assessment (usually risk managers) to help them make an informed decision. Providing this perspective and insight would be relatively straightforward if complete and accurate information were known about the exposure, dose, and risk for each and every person within the population of interest. In this hypothetical situation, these individual data could actually be arrayed next to the name of each person in the population, or the data could be compiled into frequency distribution curves. From such distributions, the average, median, maximum, or other statistical values could easily be read off the curves and presented to the risk manager. In addition, accurate information could be provided about how many persons are above certain exposure, dose, or risk levels as well as information about where various subgroups fall within the subject distribution.Unfortunately, an assessor rarely has these kinds of datai the reality an assessor faces usually falls.far short of this ideal. But it is precisely, this kind of infprmation about the distribution of exposure! dose, and risk that is needed many times by the risk assessor to characterize risk, and by the risk manager to deal with risk-related issues.,

In the absence of comprehensive data, or if the scenario being evaluated is a possible future use or post-control scenario, an assessor must make assumptions in order to estimate what the distribution would look like if better data were available, or if the possible future use becomes a reality. Communicating this estimated distribution to the risk manager can be difficult. The assessor must not only estimate exposure, dose, and risk levels, but must also estimate where those levels might fall on the actual distributions or estimated distributions for potential future situations. To help communicate where on the distribution the estimate might fall, loosely defined terms such as reasonable worst case, worst case, and maximally exposed individual have been used by assessors. Although these terms have been used to help describe the exposure assessor’s perceptions of where estimated exposures fall on the actual or potential distribution for the future use, the ad 
hoc nature of the historical definitions used has led to some inconsistency. One of the goals of these Guidelines is to promote greater consistency in the use of terms describing exposure and risk.5.3.3.2. Exposure Scenarios and Exposure Estimators as Input to Risk DescriptorsAs discussed in section 2.3, risk descriptors convey information about risk to users of that information, primarily risk managers. This information usually takes the form of answers to a relatively short set of questions, not all of which are applicable to all assessments. Section5.3.5 ¡provides more detail on how the exposure assessor's analysis leads to construction of the risk descriptors.
5.3.3.3. Exposure Scenarios as a Tool for 
Option EvaluationA  third important use for exposure scenarios is as a tool for evaluating proposed options for action. Risk managers often have a number of choices for dealing with environmental problems, from taking no action on one extreme to a number of different actions, each with different costs, on the other. Often the exposure scenarios developed as part of the baseline risk assessment provide a powerful tool to evaluate the potential reduction of exposure and risk for these various options, and consequently are quite useful in many cost-benefit analyses.There are several additional related uses of exposure scenarios for risk managers. They may help establish a range of options for cleanup by showing the sensitivity of the risk estimates to 7 the changes in assumed source or

exposure levels. The exposure assessor can use the sensitivity analysis of the exposure scenario to help evaluate and communicate the uncertainty of the assumptions, and what can be done to reduce that uncertainty. Well-crafted and soundly based exposure scenarios may also help communicate risks and possible options to community groups.Although it is beyond the scope of these Guidelines to detail the methods used for option evaluation and selection, the assessor should be aware of this potential use. Discussing strategy (and specific information needs) with risk managers is usually prudent before large resource expenditures are made in the risk assessment area.
5.3.4. General Methods for Estimating 
Exposure and DoseA  variety of methods are used to obtain estimates of dose necessary for risk characterization. These range from quick screening level calculations and rules of thumb to more sophisticated techniques. The technique to be used in a given case is a matter of the amount of information available and the purpose of the assessment. Several of the methods are outlined in the following sections.Normally it is neither practical nor advisable to immediately develop detailed information on all the potential pathways, since not all may contribute significantly to the outcome of the assessment.91 Rather, evaluation of the scenario is done in an iterative manner. First, screening or bounding techniques are used to ascertain which pathways are unimportant, then the information for the remaining pathways is refined, iteratively becoming more accurate, until the quantitative objectives of the assessment are met (or resources are depleted).In beginning the evaluation phase of any assessment, the assessor should have a scenario’s basic assumptions (setting, scope, etc.) well identified, one or more applicable exposure pathways defined, an equation for evaluating the exposure or dose for each of those exposure pathways, and the data and information requirements pertinent to solving the equations. Quality and quantity of data and information needed to substitute quantitative values or

51 There are some important exceptions to this 
statement. First, the public or other concerned 
groups may express particular interest in certain 
pathways, which will not normally be dropped 
entirely at this point. Second, for routine repetitive 
assessments using ascertain standard scenario for 
many chemicals, once the general bounding has 
been done on the various possible pathways, it may 
become standard operating procedure to 
immediately begin developing information for 
particular pathways as new chemicals are assessed.
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ranges into the parameters of the 
exposure equation will often vary 
widely, from postulated assumptions to 
actual high-quality measurements. Many 
times, there are several exposure 
pathways identified within the scenario, 
and the quality of the data and 
information may vary for each.

A common approach to estimating 
exposure and dose is to do a preliminary 
evaluation, or screening step, during 
which bounding estimates are used, and 
then to proceed to refine the estimates 
for those pathways that cannot be 
eliminated as of trivial importance.-
5.3.4.I. Preliminary Evaluation and 
Bounding Estimates

The first step that experienced 
assessors usually take in evaluating the 
scenario involves making bounding 
estimates for the individual exposure 
pathways. The purpose of this is to 
eliminate further work on refining 
estimates for pathways that are clearly 
not important.

The method used for bounding 
estimates is to postulate a set of values 
for the parameters in the exposure or 
dose equation that will result in an 
exposure or dose higher than any 
exposure or dose expected to occur in 
the actual population. The estimate of 
exposure or dose calculated by this 
method is clearly outside of (and higher 
than) the distribution of actual 
exposures or doses. If the value of this 
bounding estimate is not significant, the 
pathway can be eliminated from further 
refinement.32

The theoretical upper bounding 
estimate (TUBE) is a type of bounding 
estimate that can be easily calculated 
and is designed to estimate exposure, 
dose, and risk levels that are expected 
to exceed the levels experienced by all 
individuals in the actual distribution.
The TUBE is calculated by assuming 
limits for all the variables used to 
calculate exposure and dose that, when 
combined, will result in the 
mathematically highest exposure or 
dose (highest concentration, highest 
intake rate, lowest body weight, etc.). 
The theoretical upper bound is a 
bounding estimate that should, if the 
limits of the parameters used are known, 
ensure that the estimate is above the 
actual exposures received by all

** “Not significant” can mean either that it is so 
small relative to other pathways that it will not add 
perceptibly to the total exposure being evaluated or 
that it falls so far below a level of concern that even 
when added to other results from other pathways, it 
will be trivial. Note that a “level of concern” is a 
risk management term, and the assessor must 
discuss and establish any such levels of concern 
with risk managers (and in some cases, concerned 
groups such as the local community) before 
eliminating pathways as not significant.

individuals in the population. It is not 
necessary to go to the formality of the 
TUBE to assure that the exposure or 
dose calculated is above the actual 
distribution, however, since any 
combination that results in a value 
clearly higher than the actual 
distribution can serve as a suitable 
upper bound.

The bounding estimate (a limit of 
individual exposure, dose or risk) is 
most often used only to eliminate 
pathways from further consideration. 
This is often done in screening-level 
assessments, where bounding estimates 
of exposure, dose, or risk provide a 
quick and relatively easy check on 
whether the levels to be assessed are 
trivial relative to a level that would 
cause concern. If acceptably lower than 
the concern level, then additional 
assessment work is not necessary.

Bounding estimates also are used in 
other types of assessments. They can be 
used for deregulation of chemicals when 
pathways or concentrations can be 
shown to present insignificant or de 
minimis risk. They can be used to 
determine whether more information is 
needed to determine whether a pathway 
is significant; if the pathway’s 
significance cannot be ruled out by a 
bounding estimate, test data may be 
needed to refine the estimate.

There are two important points about 
bounding estimates. First, the only thing 
the bounding estimate can establish is a 
level to eliminate pathways from further 
consideration. It cannot be used to make 
a determination that a pathway is 
significant (that can only be done after 
more information is obtained and a 
refinement of the estimate is made), and 
it certainly cannot be used for an 
estimate of actual exposure (since by 
definition it is clearly outside the actual 
distribution). Second, when an exposure 
scenario is presented in an assessment, 
it is likely that the amount of refinement 
of the data, information, and estimates 
will vary by pathway, some having been 
eliminated by bounding estimates, some 
eliminated after further refinement, and 
others fully developed and quantified. 
This is an efficient way to evaluate 
scenarios. In such cases, bounding 
estimates must not be considered to be 
equally as sophisticated as an estimate 
of a fully developed pathway, and 
should not be described as such.

Experienced assessors can often 
eliminate some obvious pathways more 
or less by inspection as they may have 
evaluated these pathways many times 
before. 33 In these cases, the assessor

** Experienced assessors may also be able to 
determine quickly that a pathway requires refined 
estimation.

must still explain why the pathway is 
being eliminated. For less experienced 
assessors, developing bounding 
estimates for all pathways is instructive 
and will be easier to defend.
5.3A.2. Refining the Estimates o f 
Exposure and Dose

For those pathways not eliminated by 
bounding estimates or judged trivial, the 
assessor will then evaluate the resulting 
exposure or dose. At this point, the 
assessor will make estimates of 
exposure or dose that are designed to 
fall on the actual distribution. The 
important point here is that unlike a 
bounding estimate, these estimates of 
exposure or dose should focus on points 
in the actual distribution. Both estimates 
of central tendency and estimates of the 
upper end of the distribution curve are 
useful in crafting risk descriptors.

Consider Equation 2-6 for the lifetime 
average daily potential dose (LADD,**), 
an equation often used for linear, 
nonthreshold carcinogen risk models. 
The assessor will use the data, ranges of 
data, distributions of data, and 
assumptions about each of the factors 
needed to solve the equation for dose. 
Generally, both central estimates and 
high-end estimates are performed. Each 
of these estimates has uncertainty 
(perhaps unquantifiable uncertainty), 
and the better the quality and 
comprehensiveness of data used as 
input to the equation, the less 
uncertainty.After solving the equation, the assessor will determine whether the uncertainty associated with the answer is sufficiently narrow to allow the risk descriptors to be developed (see section 3.4) and to answer satisfactorily the questions posed in the exposure assessment statement of purpose. Evaluating whether the data, uncertainty, risk descriptors, and answers to the questions are good enough is usually a joint responsibility of the risk assessor and the risk manager.

Should the estimates of exposure or 
dose have sufficiently narrow 
uncertainty, the assessor can then 
proceed to develop the descriptors and 
finish the assessment. If not, the data or 
assumptions used usually will have to 
be refined, if resources allow, in an 
attempt to bring the estimated exposure 
or dose closer to what the assessor 
believes are the actual values in the 
population. Refining the estimates 
usually requires that new data be 
brought into consideration ^  this new34 It also can involve new methods or additional 
methods for analyzing the old data.



Federal Register / Vol. 57, No. 104 / Friday, M ay 29, 1992 / Notices 22921information can be other studies from the literature, information previously developed for another, related purpose that can be adapted, or new survey, laboratory, or field data. The decision about which particular parts of the information base to refine should be based both on which data will most significantly reduce the uncertainty of the overall exposure or dose estimate, and on which data are in fact obtainable either technologically or within resource constraints.After refinement of the estimate, the assessor and risk manager again determine whether the estimates provided will be sufficient to answer the questions posed to an acceptable degree, given the uncertainties that may be associated with those estimates. Refinements proceed iteratively until the assessment provides an adequate answer within the resources available.
5.3.5. Using Estimates for Developing 
DescriptorsRisk assessors and risk managers are encouraged to explore a range of ways to describe exposure and risk information, depending on the purpose of the assessment and the questions for which the risk manager must have answers. Section 2.3 outlines a series of risk descriptors; in the sections below, these are discussed in the context of how an exposure assessor’s analysis of the data would lead to various descriptors for risk.
5.3.5.1. Individual Exposure, Dose, and 
RiskQuestions about individual risk are an important component of any assessment, especially an estimate of the high end of the distribution. Section5.3.4.1 indicated that bounding estimates are actually a useful but limited form of individual risk estimate, a form which is by definition beyond the highest point on the population distribution. This section deals with estimates that are actually on the distribution of exposure, dose, or risk.There are several approaches for arriving at an individual risk estimate. Since calculation of risk involves using information from fields other than exposure assessment, the reader is advised to consult other Agency guidelines for more detailed discussions (e.g., U .S. EPA, 1986b, 1986c, 1988b,1988c, 1991a). The uncertainty in the risk estimate will depend heavily on the quality of the information used. There are several steps in the process:First, the question of unusual susceptibility of part of the population must be addressed. If equal doses result in widely different responses in two

individuals, it may be necessary to consult with scientists familiar with the derivation of the dose-response relationship for the chemical in question in order to ascertain whether this is normal variability among members of a population. Normal variability should have been considered as part of the development of the dose-response relationship; unusual susceptibility may not have been. If such a highly susceptible subgroup can be identified, it is often useful to assess their risk separately from the general population. It will not be common, given the current data availability, to clearly identify such susceptible subgroups. If none can be identified, the default has usually been to assume the dose-response relationship applies to all members of the population being assessed. Where no information shows the contrary, this assumption may be used provided it is highlighted as a source of uncertainty.Second, after the population or population segment can be represented by a single dose-response relationship, the appropriate dose for use in the dose- response relationship (absorbed/ internal dose, potential dose, applied dose, effective dose) must be identified. For dose-response relationships based on administered dose in animal studies, potential dose will usually be the human analogue. If the dose-response relationship is based on internal dose, then that is the most appropriate human dose. If the estimates of exposure and dose from the exposure assessment are in an inappropriate form (say, potential dose rather than internal dose), they must be converted before they are used for risk calculations. This may involve analysis of bioavailability, absorption rates as a function of form of the chemical and route, etc. If these data are not available, the default has been to assume the entire potential dose becomes the internal d ose .35 As more data become available concerning absorption for different chemicals, this conservative assumption may not always be the best, or even a credible, default. Whatever assumption is made
15 The unstated assumption is often made that the 

relationship between administered dose and 
absorbed dose in the animal is the same as that 
between potential dose and internal dose in 
humans, provided a correction is made for body 
weight/surface area. In other words, the 
bioavailability and absorption fractions are 
assumed to be the same in the human as in the 
animal experiment. If no correction is made for 
absorption, this leads to the assumption that the 
absorption percent is the sam e a s in  th e an im al 
exp erim en t from  w h ich the d ose-resp on se  
rela tio n sh ip  w as d erived . Note this uncorrected 
conversion of potential dose to internal dose does 
not assume “100% absorption” unless there was 
100% absorption in the animal study.

concerning absorption (or the relationships among any of the different dose terms if used, for that matter), it should be highlighted in the uncertainty section.Once the first two steps have been done, and the dose-response relationship and type of dose have been identified, the exposure and dose information needs to be put in the appropriate form. Ideally, this would be a distribution of doses of the appropriate type across the population or population subgroup of interest. This may involve converting exposures into potential doses or converting potential doses into internal, delivered, or biologically effective doses. Once this is accomplished, the high-end estimate of dose will often (but not always) lead fairly directly to the high-end estimate of risk. The method used to develop the high-end estimate for dose depends on the data available. Because of the skewed nature of exposure data, there is no exact formula that will guarantee an estimate will fall into this range in the actual population if only sparse data are available.The high-end risk is a plausible estimate of the individual risk for those persons at the upper end of the risk distribution. The intent of this descriptor is to convey an estimate of risk in the upper range of the distribution, but to avoid estimates that are beyond the true distribution. Conceptually, high-end risk means risks above the 90th percentile of the population distribution, but not higher than the individual in the population who has the highest risk.This descriptor is intended to estimate the risks that are expected to occur in small but definable high-end segments of the subject population. The use of “above the 90th percentile” in the definition is not meant to precisely define the range of this descriptor, but rather to clarify what is meant conceptually by high end.The high-end segments of the exposure, dose, and risk populations may represent different individuals. Since the location of individuals on the exposure, dose, and risk distributions may vary depending on the distributions of bioavailability, absorption, intake rates, susceptability, and other variables, a high exposure does not necessarily result in a high dose or risk, although logically one would expect a moderate to highly positive correlation among exposure, dose, and risk.When the complete data on the population distributions of exposures and doses are available, and the significance of the factors above (bioavailability, etc.) are known to the



22922 Federal Register / V ol. 57, No. 104 / Friday, M ay 29, 1992 / Noticesextent to allow a risk distribution to be constructed, the highend risk estimate can be represented by reporting risks at selected percentiles of the distributions, such as the 90th, 95th, or 98th percentile. When the complete distributions are not available, the assessor should conceptually target something above the 90th percentile on the actual distribution.In developing estimates of high-end individual exposure and dose, die following conditions must be met:• The estimated exposure or dose is on the expected distribution, not above the value one would expect for the person with the highest estimated risk in the population. This means that when constructing this estimate from a series of factors (environmental concentrations, intake rates, individual activities, etc.), not all factors should be set to values that maximize exposure or dose, since this will almost always lead to an estimate that is much too conservative.* The combination of values assigned to the exposure and dose factors can be expected to be found in the actual population. In estimating high-end exposures or doses for future use or post-control scenarios, the criterion to be used should be that it is expected to be on the distribution provided the future use or control measure occurs.36Some of the alternative methods for determining a high-end estimate of dose are:
**This means that estimates of high-end exposure 

or dose for future uses are limited to the same 
conceptual range as current uses. Although a 
"worst-case” combination of future conditions or 
events may result in an exposure that is 
conceivably possible, the assessor should not 
merely use a worst-case combination as an estimate 
of high-end exposure for possible future uses. 
Rather, the assessor must use judgment as to what 
the range of exposures or doses would plausibly be.

• If sufficient data on the distribution of doses are available, take the value directly for the percentile(s) of interest within the high end. If possible, the actual percentile(8) should be stated, or the number of persons determined in the high end above the estimate, in order to give the risk manager an idea of where within the high end-range the estimate falls.• If data on the distribution of doses are not available, but data on the parameters used to calculate the dose are available, a simulation (such as an exposure model or Monte Carlo simulation) can sometimes be made of the distribution. In this case, the assessor may take the estimate from the simulated distribution. A s in the method above, the risk manager should be told where in the high-end range the estimate falls by stating the percentile or the number of persons above this estimate.The assessor and risk manager should be cautioned that unless a great deal is known about exposures or doses at the high end of the distribution, simulated distributions may not be able to differentiate between bounding estimates and high-end estimates. Simulations often include low- probability estimates at the upper end that are higher than those actually experienced in a given population, due to improbability of finding these exposures or doses in a specific population of limited size, or due to nonobvious correlations among
given the population size and probability of certain 
events happening.

S7For example, although concentration breathed, 
frequency, duration, and breathing rate may be 
independent for a consumer painting rooms in a 
house under most normal circumstances, if the 
concentration is high enough, it may affect the other 
parameters such as duration or breathing rate. 
These types of high-end correlations are difficult to 
quantify, and techniques such as Monte Carlo 
simulations will not consider them unless

parameters at the high ends of their ranges.97 Using the highest estimate from a Monte Carlo simulation may therefore overestimate the exposure or dose for a specific population, and it is advisable to use values somewhat less than the highest Monte Carlo estimated value if one is to defend the estimate as being within the actual population distribution and not above it.Simulations using finite ranges for parameters will result in a simulated distribution with a calculable finite maximum exposure, and the maximum exposures calculated in repeated simulations will not exceed this theoretical maximum.38 When unbounded default distributions, such as lognormal distributions, are used for input parameters to generate the simulated exposure distributions, there will not be a finite maximum exposure limit for the simulation, so the maximum value of the resulting simulated distribution will vary with repeated simulations. The EPA’s Science Advisory Board [SAB] (U.S. EPA, 1992a) has recommended that values above a certain percentile in these simulations be treated as if they were bounding estimates, not estimates of high-end exposures (see Figure 5-1). The SAB noted that for large populations, simulated exposures, doses, and risks above the 99.9th percentile may not be meaningful when unbounded lognormal distributions are used as a default.
relationships are known and taken into account in 
the simulation. If extreme concentration in this case 
resulted in lower breathing rate or duration, a non- 
corrected Monte Carlo simulation could 
overestimate the exposure or dose at the high end. 
Far less likely, due to self-preservation processes, 
would seem the case where high concentration 
increases duration or intake rate, although this 
theoretically might also occur.

MThis maximum is the theoretical upper 
bounding estimate (TUBE).
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Figure 5-1. Schematic o f exposure estimators for unbounded simulated population distributions.
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For simulated distributions, whether derived from  measured data or statistical methods 
such as M onte Carlo analysis, the high-end estimator should not exceed the 99.9th 
percentile. Bounding estimates should reflect the size o f the population (see text), 
therefore bounding estimates for this type o f distribution should not automatically be 
set at 99.9th percentile. Several statistical estimators o f exposure should be identified, 
e.g., the 50th, 90th, or 95th percentiles. The distribution should reflect exposures, not just 
concentrations. -  M

Although the Agency has not specifically set policy on this matter, exposure assessors should observe the following caution when using simulated distributions. The actual percentile cutoff above which a simulation should be considered a bounding estimate may be expected to vary depending on the size of the population. Since bounding estimates are established to develop statements that exposures, doses, and risks are “not greater than . . it is prudent that the percentile cutoff bound expected exposures for the size of the population being evaluated. For example, if there are 100 persons in the

population, it may be prudent to consider simulated exposures above the 1 in 500 level or 1 in 1000 level (Le., above the 99.5th or 99.9th percentile, respectively} to be bounding estimates. Due to uncertainties in simulated distributions, assessors should be cautious about using estimates above the 99.9th percentile for estimates of 
high-end exposure regardless of the size of the population. The Agency or -individual program offices may issue more direct policy for setting the exact cutoff value for use as high-end and bounding estimates in simulations.

• If some information on the distribution of the variables making up the exposure or dose equation (e.g., concentration, exposure duration, intake or uptake rates) is available, the assessor may estimate a value which falls into the high end by meeting the defining criteria of “high end” : An estimate that wifi be within the distribution, but high enough so that less than 1 out o f 10 in the distribution wifi be as high. The assessor often constructs such an estimate by using maximum or near-maximum values for one or more of the most sensitive



22924 Federal Register / V ol. 57, No. 104 / Friday, M ay 29, 1992 / Noticesvariables, leaving others at their mean values. 39 The exact method used to calculate the estimate of high-end exposure or dose is not critical; it is very important that the exposure assessor explain why the estimate, in his or her opinion, falls into the appropriate range, not above or below it• If almost no data are available, it will be difficult, if not impossible, to estimate exposures or doses in the high end. One method that has been used, especially in screening-level assessments, is to start with a bounding estimate and back off the limits used until the combination of parameter values is, in the judgment of the assessor, clearly in the distribution of exposure or dose. Obviously, this method results in a large uncertainty. The availability of pertinent data will determine how easily and defensibly the high-end estimate can be developed by simply adjusting or backing off from the ultra conservative assumptions used in the bounding estimates. This estimate must still meet the defining criteria of "high end,” and the assessor should be ready to explain why the estimate is thought to meet the defining criteria.A  descriptor of central tendency may be either the arithmetic mean risk (average estimate) or the median risk (median estimate), but should be clearly labeled as such. Where both the arithmetic mean and the median are available, but differ substantially, it is helpful to present both.Exposure and dose profiles often fall in a skewed distribution that many times appears to be approximately lognormally distributed, although statistical tests for lognormality may fail. The arithmetic mean and die median are the same in a normal distribution, but exposure data are rarely normally distributed. As the typical skewness in the distribution increases, the exposure or dose distribution comes to resemble a lognormal curve where the arithmetic mean will be higher than the median. It is not unusual for the arithmetic mean to be located at the 75th percentile of the distribution or higher. Thus, the arithmetic mean is not necessarily a good indicator of the midpoint (median, 50th percentile) of a distribution.The average estimate, used to describe the arithmetic mean, can be approximated by using average values for all the factors making up die exposure or dose equation. It does not
*• Maximizing all variables, as is done in 

bounding estimates, will result in virtually all cases 
in an estimate that is above the bounds of this 
range, that is, above the actual values seen in the 
population.

necessarily represent a particular individual on the distribution, but will fall within the range of the actual distribution. Historically, this calculation has been referred to as the average case, but as with other ad hoc descriptors, definitions have varied widely in individual assessments.When the data are highly skewed, it is sometimes instructive to approximate the median exposure or dose, or median estimate. This is usually done by calculating the geometric mean of the exposure or dose distribution, and historically this has often been referred to as the typical case, although again, definitions have varied widely. Both the average estimate and median estimate are measures of the central tendency of the exposure or dose distribution, but they must be clearly differentiated when presenting the results.It wdl often be useful to provide additional specific individual risk information to provide perspective for the risk manager. This specific information may take the form of answers to what if questions, such as, what if a consumer should use this product without adequate ventilation? For the risk manager, these questions are likely to put bounds on various aspects of the risk question. For the assessor, these are much less complicated problems than trying to estimate baseline exposure or dose in an actual population, since the answers to these questions involve choosing values for various parameters in the exposure or risk equations and solving them for the estimate.This type of risk descriptor is a calculation of risk to specific hypothetical or actual combinations of factors postulated within the exposure assessment. It is often valuable to ask and answer specific questions of the "what i f ’ nature to add perspective to the risk assessment.Each assessment may have none, one, or several of these specific types of descriptors. The answers to these questions might be a point estimate or a range, but are usually fairly simple to calculate. The answers to theseiypes of postulated questions, however, do not directly give information about how likely that combination of values might be in the actual population, so there are some limits to the applicability of these descriptors.
5.3 5.2. Population Exposure, Dose, and 
R iskQuestions about population exposure, dose, and risk are central to any risk assessment. Ideally, given the time and methods, the assessor might strive to construct a picture of exposure, dose,

and risk in which each individual exposure, dose and risk is known. These data could then be displayed in a frequency distribution.The risk manager, perhaps considering what action might be necessary for this particular situation, might ask how many cases of the particular effect might be probabilistically estimated in a population during a specific time period, or what percentage 6f the population is (or how many people are) above a certain exposure, dose, or risk level.For those who do the assessments, answering these questions requires some knowledge of the population frequency distribution. This information can be obtained or estimated in several ways, leading to two descriptors of population risk.The first is the probabilistic number of health effect cases estimated in the population of interest over a specified time period. This descriptor can be obtained either by summing the individual risks over all the individuals in the population, or by multiplying the slope factor obtained from a carcinogen dose-response relationship, the arithmetic mean of the dose, and the size of the population. The latter approach may be used only if the risk model assumes a single linear, nonthreshold response to dose, and then only with some caution.40 If risk varies
40 For example, when calculating risks using doses 

and "slope factors," the risk is approximately linear 
with dose until relatively high individual risks 
(about 10' *) are attained, after which the 
relationship is no longer even approximately linear. 
This results from the fact that no matter how high 
the dose, the individual risk cannot exceed 1, and 
die dose-risk curve approaches 1 asymptotically. 
This can result in artifacts when calculating 
population risk from average individual doses and 
population size if there are individuals in the 
population in this nonlinear risk range. Consider a 
population of five persons, only one of whom is 
exposed. A s an example, assume a lifetime average 
daily dose of 100 mg/kg/day corresponds to an 
individual risk of 4 x 10'*. Increasing the dose 
fivefold, to 500 mg/kg/day, would result in a higher 
individual risk for that individual, but due to the 
nonlinearity of the dose-risk curve, not yet a risk of 
1. The average dose for the five persons in the 
population would then be 100 mg/kg/day. 
Multiplying the “ average risk" of 4 x 10'1 by the 
population size of five results in an estimate of two 
cases, even though in actuality only one person is 
exposed. Although calculating average individual 
dose, estimating individual risk from it, and 
multiplying by the population size is a useful 
approximation if all members of the population are 
within the approximately linear range of the dose- 
risk curve, this method should not be used if some 
members of the population have calculated 
individual risks higher than about 10' *, since it will 
overestimate the number of cases.



Federal Register / V ol. 57, No. 104 / Friday, M ay 29, 1992 / Notices 22925linearly with dose, knowing the arithmetic mean risk and the population size can lead to an estimate of the extent of harm for the population as a whole, excluding sensitive subgroups for which a different dose-response curve may need to be used. For noncarcinogens, or for nonlinear, nonthreshold carcinogen models, using the arithmetic mean exposure or dose, multiplying by a slope factor to calculate an average risk, and multiplying by the population size is not appropriate, and risks should be summed over individuals.41Obviously, the more relevant information one has, the less uncertain this descriptor, but in any case, the estimate used to develop the descriptor is also limited by the inherent uncertainties in risk assessment methodology, e.g., the risk estimates often being upper confidence level bounds. With the current state of the science, this descriptor should not be confused with an actuarial prediction of cases in the population (which is a  . statistical prediction based on a great deal of empirical data).The second type of population risk descriptor is an estimate of the percentage of the population, or the number of persons, above a specified level of risk, RfD, RfC, LOAEL, or other specific level o f interest. This descriptor must be obtained by measuring or simulating the population distribution, which can be done in several ways.First, if the population being studied is small enough, it may be possible to measure the distribution of exposure or dose. Usually, this approach can be moderately to highly costly, but it may be the most accurate. Possible problems with this approach are lack of measuring techniques for the chemical of interest, the availability of a suitable population subset to monitor, and the problem of extrapolating short-term measurements to long-term exposures.Second, the distribution itself may be simulated from a model such as an exposure model (a model that reports exposures or doses by linking concentrations with contact times for subsets of the population, such as those living various distances from a source) or a Monte Carlo simulation. Although this may be considerably less costly than measurements, it will probably be less accurate, especially near the high end of the distribution. Although models and statistical simulations can be fairly
41 In these cases, a significant problem can be the 

lack o f a constant (or nearly constant) “slope 
factor”  that would be appropriate over a wide 
exposure/dose range, since die dose-response curve 
may have thresholds, windows, or odiar 
discontinuities.

accurate if the proper input data are available, these data are often difficult to obtain and assumptions must be made; use of assumptions may reduce the certainty of the estimated results.Third, it may be possible to estimate how many people are above a certain exposure, dose, or risk level by identifying and enumerating certain population segments known to be at higher exposure, dose, sensitivity, or risk than the level of interestFor those who use the assessments, this descriptor can be used in the evaluation of options if a  level can be identified as an exposure, dose, or risk level of concern. The options can then be evaluated by estimating how many persons would go from the higher category to the lower category after the option is implemented.Questions about the distribution of exposure, dose, and risk often require the use of additional risk descriptors. In considering the risks posed by the particular situation being evaluated, a risk manager might want to know how various subgroups fall within the distribution, and if there are any particular subgroups at disproportionately high risk.It is often helpful for the risk assessor to describe risk by an identification, and if possible, characterization and quantification of the magnitude of the risk for specific highly exposed subgroups within the population. This descriptor is useful when there is (or is expected to be) a subgroup experiencing significantly different exposures or doses from that of the larger population.It is also helpful to describe risk by an identification, and if possible, characterization and quantification of the magnitude of risk for specific highly sensitive or highly susceptible subgroups within the population. This descriptor is useful when the sensitivity or susceptibility to the effect for specific subgroups within the population is (or is expected to be) significantly different from that of the larger population. In order to calcúlate risk for these subgroups, it will sometimes be necessary to use a different dose- response relationship.Generally, selection of the subgroups or population segments is a matter of either a priori interest in the subgroup, in which case the risk manager and risk assessor can jointly agree on which subgroups to highlight, or a matter of discovery of a subgroup during the assessment process. In either case, the subgroup can be treated as a population in itself and characterized the same way as the larger population using the descriptors for population and individual risk.

Exposures and doses for highly- exposed subpopulations can be calculated by defining the population segment as a population, then estimating the doses as for a population. The assessor must make it clear exactly which population was considered.A  special case of a subpopulation is that of children. For exposures that take place during childhood, when low body weight results in a higher dose rate than would be calculated using the LADDpot (Equation 2-6), it is appropriate to average the dose rate (intake rate/body weight) rather than dose. The LADD,** equation then becomes
LADD„’ Y^lCr t. ik l BW\-

t( E D J L T ) ]  (5-1)where LADDpot is the lifetime average daily potential dose, EDj is the exposure duration (time over which the contact actually takes place), is the average exposure concentration during period of calendar time EDlt IR\ is the average ingestion or inhalation rate during EDi( BWj is body weight during exposure duration EDt> and LT is the averaging time, in this case, a lifetime (converted to days). This form of the LADDpot equation, if  applied to an exposure that occurs primarily in childhood (for example, inadvertent soil ingestion), may result in an LADDpot calculation somewhat higher than that obtained by using Equation 2-6, but there is some evidence that it is more defensible (Kodell et a l., 1987; additional discussion in memorandum from Hugh McKinnon, EPA, to Michael Callahan, EPA* November 9,1990).6. Assessing UncertaintyAssessing uncertainty may involve simple or very sophisticated techniques, depending on the requirements of the assessment. Uncertainty 
characterization and uncertainty 
assessment are two activities that lead to different degrees of sophistication in describing uncertainty. Uncertainty characterization generally involves a qualitative discussion of the thought processes that lead to the selection and rejection of specific data, estimates, scenarios, etc. For simple exposure assessments, where not much quantitative information is available, uncertainty characterization may be all that is necessary.The uncertainty assessment is more quantitative. The process begins with simpler measures (Le., ranges) and simpler analytical techniques (i.e., sensitivity analysis), and progresses, to the extent needed to support the decision for which the exposure
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6.1. Role o f Uncertainty Analysis in 
Exposure Assessm entExposure assessment uses a wide array of information sources and techniques. Even where actual exposure-related measurements exist, assumptions or inferences will still be required (see section 5.2). Most likely, data will not be available for all aspects of the exposure assessment and those data that are available may be of questionable or unknown quality. In these situations, the exposure assessor will have to rely on a combination of professional judgment, inferences based on analogy with similar chemicals and conditions, estimation techniques, and the like. The net result is that the exposure assessment will be based on a number of assumptions with varying degrees of uncertainty.The decision analysis literature has focused on the importance of explicitly incorporating and quantifying scientific uncertainty in risk assessments (Morgan, 1983; Finkel, 1990). Reasons for addressing uncertainties in exposure assessments include:• Uncertain information from different sources of different quality must be combined.• A  decision must be made about whether and how to expend resources to acquire additional information (e.g., production, use, and emissions data; environmental fate information; monitoring data; population data) to reduce the uncertainty.• There is considerable empirical evidence that biases may result in so- called best estimates that are not actually very accurate. Even if all that is needed is a best-estimate answer, the quality of that answer may be improved by an analysis that incorporates a frank discussion of uncertainty.• Exposure assessment is an iterative process. The search for an adequate and robust methodology to handle the problem at hand may proceed more effectively, and to a more certain conclusion, if the associated uncertainty is explicitly included and can be used as a guide in the process of refinement. -• A  decision is rarely made on the basis of a single piece of analysis. Further, it is rare for there to be one discrete decision; a process of multiple

decisions spread over time is the more common occurrence. Chemicals of concern may go through several levels of risk assessment before a final decision is made. Within this process, decisions may be made based on exposure considerations. An exposure analysis that attempts to characterize the associated uncertainty allows the user or decision-maker to better evaluate it in the context of the other factors being considered.• Exposure assessors have a responsibility to present not just numbers but also a clear and explicit explanation of the implications and limitations of their analyses.Uncertainty characterization helps carry out this responsibility.Essentially, the construction of scientifically sound exposure assessments and the analysis of uncertainty go hand in hand. The reward for analyzing uncertainties is knowing that the results have integrity or that significant gaps exist in available information that can make decisionmaking a tenuous process.
6.2. Types o f UncertaintyUncertainty in exposure assessment can be classified into three broad categories:1. Uncertainty regarding missing or incomplete information needed to fully define the exposure and dose (scenario uncertainty).2. Uncertainty regarding some parameter (parameter uncertainty).3. Uncertainty regarding gaps in scientific theory required to make predictions on the basis of causal inferences (model uncertainty).Identification of the sources of uncertainty in an exposure assessment is the first step toward eventually determining the type of action necessary to reduce that uncertainty. The three types of uncertainty mentioned above can be further defined by examining some principal causes for each.Exposure assessments often are developed in a phased approach. The initial phase usually involves some type of broad-based screening in which the _ scenarios that are not expected to pose a risk to the receptor are eliminated from a more detailed, resource-intensive review, usually through developing bounding estimates. These screening- level scenarios often are constructed to represent exposures that would fall beyond the extreme upper end of the expected exposure distribution. Because the screening-level assessments for these nonproblem scenarios usually are included in the final exposure assessment document, this final document may contain scenarios that

differ quite markedly in level of sophistication, quality of data, and amenability to quantitative expressions of uncertainty. These also can apply to the input parameters used to construct detailed exposure scenarios.The following sections will discuss sources, characterization, and methods for analyzing the different types of uncertainty.
6.2.1. Scenario UncertaintyThe sources of scenario uncertainty include descriptive errors, aggregation errors, errors in professional judgment, and incomplete analysis.Descriptive errors include errors in information, such as the current producers of the chemical and its industrial, commercial, and consumer uses. Information of this type is the foundation for the eventual development of exposure pathways, scenarios, exposed populations, and exposure estimates.Aggregation errors arise as a result of lumping approximations. Included among these are assumptions of homogeneous populations, and spatial and temporal approximations such as assumptions of steady-state conditions.' Professional judgment comes into play in virtually every aspect of the exposure assessment process, from defining the appropriate exposure scenarios, to selecting the proper environmental fate models, to determining representative environmental conditions, etc. Errors in professional judgment also are a source of uncertainty.A  potentially serious source of uncertainty in exposure assessments arises from incomplete analysis. For example, the exposure assessor may overlook an important consumer exposure due to lack of information regarding the use of a chemical in a particular product. Although this source of uncertainty is essentially unquantifiable, it should not be overlooked by the assessor. At a minimum, the rationale for excluding particular exposure scenarios should be described and the uncertainty in those decisions should be characterized as high, medium, or low. H ie exposure assessor should discuss whether these decisions were based on actual data, analogues, or professional judgment. For situations in which the uncertainty is high, one should perform a reality check where credible upper limits on the exposure are established by a ‘‘what i f ’ analysis.Characterization of the uncertainty associated with nonnumeric assumptions (often relating to setting the assessment’s direction and scope) will
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generally involve a qualitative discussion of the rationale used in selecting specific scenarios. The discussion should allow the reader to make an independent judgment about the validity of the conclusions reached by the assessor by describing the uncertainty associated with any inferences, extrapolations, and analogies used and the weight of evidence that led the assessor to particular conclusions;
6.2.2. Parameter UncertaintySources of parameter uncertainty include measurement errors, sampling errors, variability, and use of generic or surrogate data.Measurement errors can be random or systematic. Random error results from imprecision in the measurement process. Systematic error is a bias or tendency away from the true value.Sampling errors concern sample representativeness. The purpose of sampling is to make an inference about the nature of the whole from a measurement of a subset of the total population. If the exposure assessment uses data that were generated for another purpose, for example, consumer product preference surveys or compliance monitoring surveys, uncertainty will arise if the data do not represent the exposure scenario being analyzed.The inability to characterize the inherent variability in environmental and exposure-related parameters is a major source of uncertainty. For example, meteorological and hydrqlogical conditions may vary seasonally at a given location, soil conditions can have large spatial variability, and human activity patterns can vary substantially depending on age, sex, and geographical location.The use of generic or surrogate data is common when site-specific data are not available. Examples include standard emission factors for industrial processes, generalized descriptions of environmental settings, and data pertaining to structurally related chemicals as surrogates for the chemical of interest. This is an additional source of uncertainty, and should be avoided if actual data can be obtained.The approach to characterizing uncertainty in parameter values will vary. It can involve an order-of- magnitude bounding of the parameter range when uncertainty is high, or a description of the range for each of the parameters including the lower- and upper-bound and the best estimate values and justification for these based on available data or professional judgment. In some circumstances,

characterization can take the form of a probabilistic description of the parameter range. The appropriate characterization will depend on several factors, including whether a sensitivity analysis indicates that the results are significantly affected by variations within the range. When the results are significantly affected by a particular parameter, the exposure assessor should attempt to reduce the uncertainty by developing a description of the likely occurrence of particular values within the range. If enough data are available, standard statistical methods can be used to obtain a meaningful representation. If available data are inadequate, then expert judgments can be used to develop a subjective probabilistic representation. Expert judgments should be developed in a consistent, well-documented manner. Examples of techniques to solicit expert judgments have been described (Morgan 
et ah, 1979; Morgan et al.t 1984; Rish, 1988).Most approaches for analyzing uncertainty have focused on techniques that examine how uncertainty in parameter values translates into overall uncertainty in the assessment. Several published reports (Cox and Baybutt,1981; U .S. EPA, 1985f; Inman and Helton, 1988; Seller, 1987; Rish and Mamicio, 1988) have reviewed the many techniques available; the assessor should consult these for details. In general, these approaches can be described, in order of increasing complexity and data requirements, as either sensitivity analysis, analytical uncertainty propagation, probabilistic uncertainty analysis, or classical statistical methods.

Sensitivity analysis is the process of changing one variable while leaving the others constant and determining the effect on the output. The procedure involves fixing each uncertain quantity, one at a time, at its credible lower- bound and then its upper-bound (holding all others at their medians), and then computing the outcomes for each combination of values. These results are useful to identify the variables that have the greatest effect oh exposure and to help focus further information gathering. The results do not provide any information about the probability of a quantity’s value being at any level within the range; therefore, this approach is most useful at the screening level when deciding about the need and direction of further analyses.
Analytical uncertainty propagation involves examining how uncertainty in individual parameters affects the overall uncertainty of the exposure assessment. Intuitively, it seems clear that

uncertainty in a specific parameter may propagate very differently through a model than another variable having approximately the same uncertainty. Some parameters are more important than others, and the model structure is designed to account for the relative sensitivity. Thus, uncertainty propagation is a function of both the data and the model structure. Accordingly, both model sensitivity and input variances are evaluated in this procedure. Application of this approach to exposure assessment requires explicit mathematical expressions of exposure, estimates of the variances for each of the variables of interest, and the ability either analytically or numerically to obtain a mathematical derivative of the exposure equation.Although uncertainty propagation is a powerful tool, it should be applied with caution, and the assessor should consider several points. It is difficult to generate and solve the equations for the sensitivity coefficients. In addition, the technique is most accurate for linear equations, so any departure from linearity must be carefully evaluated. Assumptions, such as independence of variables and normality of errors in the variables, need to be checked. Finally, this approach requires estimates of parameter variance, and the information to support these may not be readily available.
Probabilistic uncertainty analysis is generally considered the next level of refinement. The most common example is the Monte Carlo technique where probability density functions are assigned to each parameter, then values from these distributions are randomly selected and inserted into the exposure equation. After this process is completed many times, a distribution of predicted values results that reflects the overall uncertainty in the inputs to the calculation.The principal advantage of the Monte Carlo method is its very general applicability. There is no restriction on the fohn of the input distributions or the nature of the relationship between input and output; computations are also straightforward. There are some disadvantages as well as inconveniences, however. The exposure assessor should only consider using this technique when there are credible distribution data (or ranges) for most key variables. Even if these distributions are known, it may not be necessary to apply this technique. For example, if only average exposure values are needed, these can often be computed as accurately by using average values for each of the input parameters. Another



22928 Federal Register / Vol. 57, No. 104 / Friday, M ay 29, 1992 / Noticesinconvenience is that the sensitivity of the results to the input distributions is somewhat cumbersome to assess. Changing the distribution of-only one value requires rerunning the entire calculation (typically, several hundreds or thousands o f times). Finally, Monte Carlo results do not tell the assessor which variables are the most important contributors to output uncertainty. This is a disadvantage since most analyses of uncertainty are performed to find effective ways to reduce uncertainty.
Classica l statistical methods can be used to analyze uncertainty in measured exposures. Given a data set of measured exposure values for a aeries of individuals, the population distribution may be estimated directly, provided that the sample design was developed properly to capture a representative sample. The measured exposure values also may be used to directly compute confidence interval estimates for percentiles of the exposure distribution (American Chemical Society, 1988). When the exposure distribution is estimated from measured exposures for a probability sample of population members, confidence interval estimates for percentiles of the exposure distribution are the .primary uncertainty characterization. Data collection survey design should also be discussed, as well as accuracy and precision of die measurement techniques.Often the observed exposure distribution is skewed; many sample members have exposure distributions at or below the detection limit In this situation, estimates of the exposure distribution may require a very large sample size. Fitting the data to a distribution type can be problematic in this situation because data are usually scant in the low probability areas (the tails) where numerical values vary widely. As a consequence, for data sets for which the sampling has been completed, means and standard deviations may be determined to a good approximation, but characterization of the tails of the distribution will have much greater uncertainty. This difference should be brought out in the discussion. For data sets for which sampling is still practical, stratification of the statistical population to oversample the tail may give more precision and confidence in the information in the tail area of the distribution.

6.2.3. M odel UncertaintyAt a minimum, the exposure assessor should describe in qualitative terms the rationale for selection of any conceptual and mathematical models. This discussion should address the status of

these approaches and any plausible alternatives in terms of their acceptance by the scientific community, how well the model(s) represents the situation being assessed, e.g., high end estimate, and to what extent verification and validation have been done. Relationship errors and modeling errors are the primary sources of modeling uncertainty.Relationship errors include errors in correlations between chemical properties, structure-reactivity correlations, and environmental fate models. In choosing to use these tools, the exposure assessor must decide among the many possible functional forms available. Even though statistics on the performance of the methodology for a given test set of chemicals may be available and can help guide in the selection process, the exposure assessor must decide on the most appropriate methodology for the chemical of interest based on the goals of the assessmentModeling errors are due to models being simplified representations of reality, for example approximating a three-dimensional aquifer with a two- dimensional mathematical model. Even after the exposure assessor has selected the most appropriate model for the purpose at hand, one is still faced with the question of how well the model represents the real situation. This question is compounded by the overlap between modeling uncertainties and other uncertainties, e.g., natural variability in environmental inputs, representativeness o f the modeling scenario, and aggregation errors. The dilemma facing exposure assessors is that many existing models (particularly the very complex ones) and the hypotheses contained within them cannot be fully tested (Beck, 1987), although certain components o f the model may be tested. Even when a model has been validated under a particular set of conditions, uncertainty will exist in its application to situations beyond the test system.A  variety of approaches can be used to quantitatively characterize the uncertainty associated with model constructs. One approach is to use different modeling formulations (including the preferred and plausible alternatives) and consider the range of the outputs to be representative of the uncertainty range. This strategy is most useful when no clear best approach can be identified due to the lack of supporting data or when the situations -being assessed require extrapolation beyond the conditions for which the models were originally designed.

Where the data base is sufficient, the exposure assessor should characterize the uncertainty in the selected model by describing the validation and verification efforts. Validation is the process of examining the performance Of the model compared to actual observations under situations representative of those being assessed. Approaches for model validation have been discussed (U.S. EPA 1985e). Verification is the process of confirming that the model computer code is producing the proper numerical output.In most situations, only partial validation is possible due to data deficiencies or model complexity.
6.3. Variability Within a Population 
Versus Uncertainty in the EstimateFor clarity, it should be emphasized that variability (the receipt of different levels of exposure by different individuals) is being distinguished from uncertainty (the lack of knowledge about the correct value for a specific exposure measure or estimate). M ost of the exposure and risk descriptors discussed in this report deal with variability directly, but estimates must also be made of the uncertainty of these descriptors. 42 This may be done qualitatively or quantitatively, and it is beyond the scope of this report to discuss fhe mechanics of uncertainty analysis in detail. It is an important distinction, however, since the risk assessor and risk manager need to know if the numbers being reported for exposures take variability, uncertainty, or both, into consideration.Not all approaches historically used to construct measures or estimates of exposure attempted to distinguish variability and uncertainty. In particular, in many cases in which estimates were termed worst case, focusing on the high end of the exposed population and also selection of high- end values for uncertain physical quantities resulted in values that were seen to be quite conservative. By using both the high-end individuals (variability) and upper confidence bounds43 on data or physical parameters

42 Each measure or estimate of exposure will have 
its associated uncertainty which should be 
addressed both qualitatively and quantitatively. For 
example, if population mean exposure is being 
addressed t)y use of direct personal monitoring 
data, qualitative issues will include the 
representativeness of the population monitored to 
the full population, the representativeness of the 
period selected for monitoring, and confidence that 
there were not systematic errors in the measured 
data. Quantitative uncertainty could be addressed 
through the use of confidence intervals for the 
actual mean population exposure.

42 The confidence interval is interpreted as the 
range of values within which the assessor knows

Continued
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(uncertainty), these estimates might be interpreted as “not exceeding an upper bound on exposures received by certain high-end individuals.”Note that this approach will provide an estimate that considers both variability and uncertainty, but by only reporting the upper confidence bound, it appears to be merely a more conservative estimate of the variability. High end estimates which include consideration of uncertainty should be presented with both the upper and lower uncertainty bounds on the high end estimate. This provides the necessary information to the risk manager.Without specific discussion of what was done, risk managers may view the results as not having dealt with uncertainty. It is fundamental to exposure assessment that assessors have a clear distinction between the variability of exposures received by individuals in a population, and the uncertainty of the data and physical parameters used in calculating exposure.The discussion of estimating exposure and dose presented in Section 5.3.4 addresses the rationale and approaches for constructing a range of measures or estimates of exposure, with emphasis on how these can be used for exposure or risk characterization. The distinction between these measures or estimates (e.g., average versus high end) is often a difference in anticipated variability in the exposures received by individuals (i.e., average exposure integrates exposures across all individuals, while high-end exposure focuses on the upper percentiles of the exposed group being assessed.) Although several measures can be used to characterize risk in different ways, this does not address which of these measures or characterizations is used for decisions. The selection of the point or measure of exposure or risk upon which regulatory decisions are made is a risk management decision governed by programmatic policy, and is therefore beyond the scope oFthese guidelines.7. Presenting the Results of the Exposure AssessmentOne of the most important aspects of the exposure assessment is presenting the results. It is here that the assessment ultimately succeeds or fails in meeting the objectives laid out in the planning as discussed in section 3. This section discusses communication of the results, format considerations, and suggested tips for reviewing exposure assessments
the true measure lies, with specified statistical 
confidence. The upper bound confidence limit is the 
higher of the two ends of the confidence interval.

either as a final check or as a review of work done by others.
7.1. Communicating the Results o f the 
Assessm entCommunicating the results of an exposure assessment is more than a simple summary of conclusions and quantitative estimates for the various pathways and routes of exposure. The most important part of an exposure assessment is the overall narrative exposure characterization, without which the assessment is merely a collection of data, calculations, and estimates. This exposure characterization should consist of discussion, analysis, and conclusions that synthesize the results from the earlier portions of the document, present a balanced representation of the available data and its relevancy to the health effects of concern, and identify key assumptions and major areas of uncertainty. Section 7.1.1 discusses the exposure characterization, and section 7.1.2 discusses how this is used in the jisk characterization step of a risk assessment.
7.1.1. Exposure CharacterizationThe exposure characterization is the summary explanation of the exposure assessment. In this final step, the exposure characterization:• Provides a statement of purpose, scope, level of detail, and approach used in the assessment, including key assumptions;• Presents the estimates of exposure and dose by pathway and route for individuals, population segments, and populations in a manner appropriate for the intended risk characterization;• Provides an evaluation of the overall quality of the assessment and the degree of confidence the authors have in the estimates of exposure and dose and the conclusions drawn;• Interprets the data and results; and• Communicates results of the exposure assessment to the risk assessor, who can then use the exposure characterization, along with characterizations of the other risk assessment elements, to develop a risk characterization.As part of the statement of purpose, the exposure characterization explains why the assessment was done and what questions were asked. It also reaches a conclusion as to whether the questions posed were in fact answered, and with what degree of confidence. It should also note whether the exposure assessment brought to light additional or perhaps more appropriate questions, if these were answered, and if so, with what degree of confidence.

The statement of scope discusses the geographical or demographic boundaries of the assessment. The specific populations and population segments that wjere the subjects of the assessment are clearly identified, and the reasons for their selection and any exclusions are discussed. Especially sensitive groups or groups that may experience unusual exposure patterns are highlighted.The characterization also discusses whether the scope and level of detail of the assessment were ideal for answering the questions of the assessment and whether limitations in scope and level of detail were made because of technical, practical, or financial reasons, and the implications of these limitations on the quality of the conclusions.The methods used to quantify exposure and dose are clearly stated in the exposure characterization. If models are used, the basis for their selection and validation status is described. If measurement data are used, the quality of the data is discussed. The strengths and weaknesses of the particular methods used to quantify exposure and dose are described, along with comparison and contrast to alternate methods, if appropriate.In presenting the exposure and dose estimates, the important sources, pathways, and routes of exposure are identified and quantified, and reasons for excluding any from the assessment are discussed.A  variety of risk descriptors, and where possible, the full population distribution is presented. Risk managers should be given some sense of how exposure is distributed over the population and how variability in population activities influences this distribution. Ideally, the exposure characterization links the purpose of the assessment with specific risk descriptors, which in turn are presented in such a way as to facilitate construction of a risk characterization.A  discussion of the quality of the exposure and dose estimates is critical to the credibility of the assessment. This may be based in part on a quantitative uncertainty analysis, but the exposure characterization must explain the results of any such analysis in terms of the degree of confidence to be placed in the estimates and conclusions drawn.Finally, a description of additional research and data needed to improve the exposure assessment is often helpful to risk managers in making decisions about improving the quality of the assessment. For this reason, the exposure characterization should identify key data gaps that can help
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focus further dfforts to reduce uncertainty.Additional guidance on communicating the results of an exposure assessment can be found in the proceedings Of a recent workshop on risk communication (American Industrial Health Council, 1989).
7.1.2. R isk CharacterizationMost exposure assessments will be done as ¡part o f a  risk assessment, and the (exposure characterization must be useful to the risk assessor in constructing a  risk characterization.Risk characterization is the integration o f information from hazard identification, dose-response assessment, and exposure assessment into a coherent picture. A  risk characterization is a necessary part of i any Agency report on risk whether the report is  a ¡preliminary one prepared to support allocation of resources toward further study or a comprehensive one prepared to support regulatory decisions.Risk Characterization is the culmination of ¿he risk assessment process. In this final step, the risk characterization:• Integrates the individual characterizations from the hazard identification, dose-response, and exposure assessments;• Provides an evaluation of the overall qualify o f the assessment and the degree of confidence the authors have in the estimates of risk and conclusions drawn;• Describes risks to individuals and populations in terms of extent and severity dfprobable harm; and• Communicates results of the risk assessment to the risk manager.It provides a scientific interpretation of the assessment The risk manager can then use the risk assessment, along with other risk management elements, to make public health derisions. The following sections describe these four aspects of the risk characterization in more detail.
7.1.2.1. Integration o f Hazard 
Identification, Dose^Response, and 
Exposure Assessm entsIn developing the hazard identification, dose-response, and exposure portions of fee risk assessment fee assessor makes many judgments concerning fee relevance and appropriateness of data and methodology. These judgments are summarized in fee individual characterizations for hazard identification, dose-response, and exposure. ’In integrating fee parts of fee assessment ’fee risk assessor

determines ff some of these judgments have implications for other parts of the assessment and whether the parts o f the assessment are compatible. For example, if the hazard identification assessment determines that a chemical is a developmental toxicant but not a carcinogen, fee dose-response and exposure information is presented accordingly; this differs greatly from the way the presentation is made if the chemical is  a  carcinogen but not a developmental toxicant.The risk characterization not only examines these judgments, but also explains fee constraints of available data and the state of knowledge about fee phenomena studied m making them, including:• The qualitative, weight-bf-evidence conclusions about fee likelihood feat fee chemical may pose a specific hazard (or hazards) to human health, fee nature and severity o f the observed effects, and by what route(s) these effects are seen to occur. These judgments affect both the dose-response and exposure assessments;• For noncancer effects, a discussion of the dose^response behavior o f the critical effect(s), data such as fee shapes and Slopes of fee dose-response curves for the various other toxic endpoints, and how this information was used to determine the appropriate dose- response assessment technique; and• The estimates of fee magnitude of the exposure, fee route, duration and pattern of the exposure, relevant pharmacokinetics, and the number and characteristics of the population exposed. This information must be compatible w ife both fee hazard identification and dose-response assessments.The presentation o f the integrated results of fee assessment draws from and highlights key points of the individual characterizations of hazard, dose-response, and exposure analysis performed separately under these Guidelines. The summary integrates these component characterizations into an overall risk characterization.
7.I.2.2. Quality o f the Assessm ent and 
Degree o f ConfidenceThe risk characterization summarizes the data brought together in the analysis and the reasoning upon which fee assessment is based. The description also conveys fee major strengths and weaknesses of fee assessment that arise from data availability and the current limits of understanding of toxicity mechanisms.Confidence in the results of a risk assessment is consequently a function of confidence in the results of analysis o f

each element: hazard, dose-response, and exposure. Each of these three elements has its own characterization associated with it. For example, fee exposure assessment component includes an exposure characterization. Within each dharacterization, fee important uncertainties of fee analysis and inteipretation of data are explained so that fee risk manager is given a clear picture <of any consensus or lack thereof about significant aspects of the assessment For example, whenever more than one view of dose-response assessment is supported by the data and by the policies of these Guidelines, and choosing between them is difficult the views are presented together. If one has been selected over another, the rationale is  given; i f  n o t then both are presented as ¡plausible alternatives.If a quantitative uncertainty analysis is appropriate, it is summarized in fee risk characterization; in any case a qualitative discussion o f important uncertainties is appropriate. If other organizations, such as other Federal agencies, have published risk assessments, or .prior EPA assessments have been done on fee substance or an analogous substance and have relevant similarities or differences, these too are described.
7.1.2.3. Descriptors o f RiskThere .are a number of different ways to describe risk in quantitative or qualitative terms, Section 2.3 explains how risk descriptors are used. It is important to explain what aspect of fee risk is ¡being described, and how the exposure data and estimates are used to develop the particular descriptor.
7.1.2.4. Communicating Results o f a Risk 
Assessm ent to .the R isk ManagerOnce fee risk characterization is completed, the focus turns to communicating results to the risk manager. The risk manager uses the results of fee risk characterization, technologic factors, and socioeconomic considerations in reaching a regulatory decision. Because of the way these risk management factors may impact different cases, consistent but not necessarily identical, risk management decisions must be made ¡on a case-by- case basis. Consequently, it is entirely possible and appropriate that a chemical with a specific risk characterization may be regulated differently under different statutes. These Guidelines are not intended to give guidance on the nonscientific aspects of risk management decisions.
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7.1.3. Establishing the Communication 
StrategyFor assessments that must be explained to the general public, a communication strategy is often required. Although risk communication is often considered a part of risk management, it involves input from the exposure and risk assessors; early planning for a communication strategy can be very helpful to the ultimate risk communication.The EPA has guidance on preparing communication strategies (U.S. EPA, 1988g). Additional sources of information are the New Jersey Department of Environmental Protection (1988a, 1988b) and the N RC (1989b). These documents, and the sources listed within them, are valuable resources for all who will be involved with the sensitive issues of explaining environmental health risks. The N RC (1989b, p. 148) states:"It is a mistake to simply consider risk communication to be an add-on activity for either scientific or public affairs staffs; both elements should be involved. There are clear dangers if risk messages are formulated ad hoc by public relations personnel in isolation from available technical expertise; neither can they be prepared by risk analysts as a casual extension of their analytic duties.”
7.2. Format for Exposure Assessm ent 
ReportsThe Agency does not require a set format for exposure assessment reports, but individual program offices within the Agency may have specific format requirements. Section 3 illustrates that exposure assessments are performed for a variety of purposes, scopes, and levels of detail, and use a variety of approaches. While it is impractical for the Agency to specify an outline format for all types of assessments being performed within the Agency, program offices are encouraged to use consistent formats for similar types of assessments within their own purview.All exposure assessments must, at a minimum, contain a narrative exposure characterization section that contains the types of information discussed in section 7.1. For the purpose of consistency, this section should be titled exposure characterization. Placement of this section within the assessment is optional, but it is strongly suggested that it be prominently featured in the assessment. It is not, however, an executive summary and should not be used interchangeably with one.

7.3. Reviewing Exposure Assessm entsThis section provides some suggestions on how to effectively review an exposure assessment and highlights some of the common pitfalls. The emphasis in these Guidelines has been on how to properly conduct exposure assessments; this section can serve as a final checklist in reviewing the completed assessment. An exposure assessor also may be called upon to critically review and evaluate exposure assessments conducted by others; these suggestions should be helpful in this regard. ,Reviewers of exposure assessments are usually asked to identify inconsistences with the underlying science and with Agency-developed guidelines, factors, and methodologies, and to determine the effect these inconsistences might have on the results and conclusions of the exposure assessment Often the reviewer can only describe whether these inconsistencies or deficiencies might underestimate or overestimate exposure.Some of die questions a reviewer should ask to identify the more common pitfalls that tend to underestimate exposure are:
H as the pathways analysis been 

broad enough to avoid overlooking a 
significant pathw ay?For example, in evaluating exposure to soil contaminated with PCBs, the exposure assessment should not be limited only to evaluating the dermal contact pathway. Other pathways, such as inhalation of dust and vapors or the ingestion of contaminated gamefish from an adjacent stream receiving surface runoff containing contaminated soil, should also be evaluated as they could contribute higher levels of exposure from the same source.

Have all the contaminants o f concern 
in a mixture been evaluated?Since risks resulting from exposures to complex mixtures of chemicals with the same mode of toxic action are generally treated as additive (by summing the risks) in a risk assessment, failure to evaluate one or more of the constituents would neglect its contribution to die total exposure and risk. This is especially critical for relatively toxic or potent chemicals that tend to drive risk estimates even when present in relatively low quantities.

Have exposure levels or 
concentration measurements been 
compared with appropriate background 
levels?Contaminant concentrations or exposure levels should not be compared with other contaminated media or exposed populations. When comparing

with background levels, the exposure assessor must determine whether these concentrations or exposure levels are also affected by contamination from anthropogenic activities.
Were the detection lim its sensitive 

enough to make interpretations about 
exposures at levels corresponding to 
health concerns? Were the data 
interpreted correctly?Because values reported as not detected (ND) mean only that the chemical of interest was not found at the particular detection limit used in the laboratory analysis, ND does not rule out the possibility that the chemical may be present in significant concentrations. Depending on the purpose and the degree of conservatism warranted in the exposure assessment results reported as ND should be handled as discussed in Section 5.

H as the possibility o f additive 
pathways been considered for the 
population being studied?If the purpose of the exposure assessment is to evaluate the total exposure and risk of a population, then exposures from individual pathways within the same route may be summed in cases which concurrent exposures can realistically be expected to occur.Some questions a reviewer should ask to avoid the more prevalent errors that generally tend to overestimate exposure are:

Have unrealistically conservative 
exposure parameters been used in the 
scenarios?The exposure assessor must conduct a reality check to ensure that the exposure cases used in the scenario(s) (except bounding estimates) could actually occur.

Have potential exposures been 
presented as existing exposures?In many situations, especially when the scenario evaluation approach is used, the objective of the assessment is to estimate potential exposures. (That is, if a person were to be exposed to these chemicals under these conditions, then the resultant exposure would be this much.) In determining the need and urgency for regulatory action, risk managers often weigh actual exposures more heavily than higher levels of potential exposures. Therefore, the exposure assessment should clearly note whether the results represent actual or potential exposures.

Have exposures derived from “not 
detected” levels been presented as 
actual exposures?For some exposure assessments it may be appropriate to assume that a chemical reported as not detected is present at either the detection limit or
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Are the results presented with an 

appropriate number o f significant 
figures?The number of significant figures should reflect the uncertainty of the numeric estimate. If the likely range of the results spans several orders of magnitude, then using more than one significant figure implies more confidence in the results than is warranted.

Have the calculations been checked 
for computational errors?Obviously, calculations should be checked for arithmetic errors and mistakes in converting units. This is overlooked more often than one might expect.

Are the factors for intake rates, etc. 
used appropriately?Exposure factors should be checked to ensure that they correspond to the site or situation being evaluated.

Have the uncertainties been 
adequately addressed?Exposure assessment is an inexact science, and the confidence in the results may vary tremendously. It is essential the exposure assessment include an uncertainty assessment that places these uncertainties in perspective.

I f  Monte Carlo simulations were used, 
were correlations among input 
distributions known and properly 
accounted for? Is the maximum value 
simulated by this method in fact a 
bounding estimate? Was Monte Carlo 
simulation necessary?(A Monte Carlo simulation randomly selects the values from the input parameters to simulate an individual. If data already exist to show the relationship between variables for the actual individuals, it makes little sense to use Monte Carlo simulation, since one already has the answer to the question of how the variables are related for each individual. A  simulation is unnecessary.)8. Glossary of Terms

Absorbed dose—See internal dose.

Absorption barrier—Any of the exchange barriers of the body that allow differential diffusion of various substances across a boundary.Examples of absorption barriers are the skin, lung tissue, and gastrointestinal tract wall.
Accuracy—The measure of the correctness of data, as given by the difference between the measured value and the true or standard value.
Administered dose—The amount of a substance given to a test subject (human or animal) in determining dose-response relationships, especially through ingestion or inhalation. In exposure assessment, since exposure to chemicals is usually inadvertent, this quantity is called potential dose.
Agent—A  chemical, physical, mineralogical, or biological entity that may cause deleterious effects in an organism after the organism is exposed to it.
Ambient—The conditions surrounding a person, sampling location, etc.
Ambient measurement—A  measurement (usually of the concentration of a chemical or pollutant) taken in an ambient medium, normally with the intent of relating the measured value to the exposure of an organism that contacts that medium).
Ambient medium—One of the basic categories of material surrounding or contacting an organism, e.g., outdoor air, indoor air, water, or soil, through which chemicals or pollutants can move and reach the organism. (See also biological medium, environmental medium)
Applied dose—The amount of a substance in contact with the primary absorption boundaries of an organism (e.g., skin, lung, gastrointestinal tract) and available for absorption.
Arithmetic mean—The sum of all the measurements in a data set divided by the number of measurements in the data set.
Background level (environmental)— The concentration of substance in a defined control area during a fixed period of time before, during, or after a data-gathering operation.
Breathing zone—A  zone of air in the vicinity of an organism from which respired air is drawn. Personal monitors are often used to measure pollutants in the breathing zone.
Bias—A  systematic error inherent in a method or caused by some feature of the measurement system.
Bioavailability—The state of being capable of being absorbed and available to interact with the metabolic processes of an organism. Bioavailability is typically a function of chemical properties, physical state of the material to which an organism is exposed, and

the ability of the individual organism to physiologically take up the chemical.
Biological marker o f exposure {sometimes referred to as a biomarker of exposure)—Exogenous chemicals, their metabolites, or products of interactions between a xenobiotic chemical and some target molecule or cell that is measured in a compartment within an organism.
Biological measurement—A  measurement taken in a biological medium. For the purpose of exposure assessment via reconstruction of dose, the measurement is usually of the concentration of a chemical/metabolite or the status of a biomarker, normally with the intent of relating the measured value to the internal dose of a chemical at some time in the past. (Biological measurements are also taken for purposes of monitoring health status and predicting effects of exposure.) (See also ambient measurement)
Biological medium—One of the major categories of material within an organism, e.g., blood, adipose tissue, or breath, through which chemicals can move, be stored, or be biologically, physically, or chemically transformed. (See also ambient medium, environmental medium)
Biologically effective dose—The amount of a deposited or absorbed chemical that reaches the cells or target site where an adverse effect occurs, or where that chemical interacts with a membrane surface.
Blank (blank sample)—An unexposed sampling medium, or an aliquot of the reagents used in an analytical procedure, in the absence of added analyte. The measured value of a blank sample is the blank value.
Body burden—The amount of a particular chemical stored in the body at a particular time, especially a potentially toxic chemical in the body as a result of exposure. Body burdens can be the result of long-term or short-term storage, for example, the amount of a metal in bone, the amount of a lipophilic substance such as PCB in adipose tissue, or the amount of carbon monoxide (as carboxyhemoglobinj in the blood.
Bounding estimate—An  estimate of exposure, dose, or risk that is higher than that incurred by the person in the population with the highest exposure, dose, or risk. Bounding estimates are useful in developing statements that exposures, doses, or risks are “not greater than” the estimated value.
Comparability—The ability to describe likenesses and differences in the quality and relevance of two or more data sets.
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Data quality objectives (E>QO)— Qualitative and quantitative statements of the overall level of uncertainty that a decision-maker is willing to accept in results or decisions derived from environmental data. DQOs provide the statistical framework for planning and managing environmental data operations consistent with the data user's needs.
Dose—The amount of a substance available for interaction with metabolic processes or biologically significant receptors after crossing the outer boundary of an organism. The potential dose is the amount ingested, inhaled, or applied to the skin. The applied dose is the amount of a substance presented to an absorption barrier and available for absorption (although not necessarily having yet crossed the outer boundary of the organism). The absorbed dose is the amount crossing a specific absorption barrier (e.g., the exchange boundaries of skin, lung, and digestive tract) through uptake processes. Internal dose is a more general term denoting the amount absorbed without respect to specific absorption barriers or exchange boundaries. The amount of the chemical available for interaction by any particular organ or cell is termed the delivered dose for that organ or cell
Dose rate—Dose per unit time, for example in mg/day, sometimes also called dosage. Dose rates are often expressed on a per-unit-body-weight basis, yielding units such as mg/kg/day (mg/kg-day). They are also often expressed as averages over some time period, for example a lifetime.
Dose-response assessment—The determination of the relationship between the magnitude of administered, applied, or internal dose and a specific biological response. Response can be expressed as measured or observed incidence, percent response in groups of subjects (or populations], or the probability of occurrence of a response in a population.
Dose-response curve—A  graphical representation of the quantitative relationship between administered, applied, or internal dose of a chemical or agent, and a specific biological response to that chemical or agent.
Dose-response relationship—The resulting biological responses in an organ or organism expressed as a function of a series of different doses.
Dosim eter—Instrument to measure dose; many so-called dosimeters actually measure exposure rather than dose.
Dosim etry—Process of measuring or estimating dose.
Ecological exposure—Exposure of a nonhuman receptor or organism to a

chemical, or a radiological or biological agent.
Effluent—Waste material being discharged into the environment, either treated or untreated. Effluent generally is used to describe water discharges to the environment, although it can refer to stack emissions or other material flowing into the environment.
Environm ental fate—The destiny of a chemical or biological pollutant after release into the environment. Environmental fate involves temporal and spatial considerations of transport, transfer, storage, and transformation.
Environmental fate m odel—In the context of exposure assessment, any mathematical abstraction of a physical system used to predict the concentration of specific chemicals as a function of space and time subject to transport, intermedia transfer, storage, and degradation in the environment.
Environm ental medium—One of the major categories of material found in the physical environment that surrounds or contacts organisms, e.g., surface water, ground water, soil, or air, and through which chemicals or pollutants can move and reach the organisms. (See ambient medium, biological medium)
Exposure— Contact of a  chemical, physical, or biological agent with the outer boundary of an organism.Exposure is quantified as the concentration of the agent in the medium in contact integrated over the time duration of that contact.
Exposure assessm ent—The determination or estimation (qualitative or quantitative) of the magnitude, frequency, duration, and route of exposure.
Exposure concentration—The concentration of a chemical in its transport or carrier medium at the point of contact.
Exposure pathway—The physical course a chemical or pollutant takes from the source to the organism exposed.
Exposure route—The way a chemical or pollutant enters an organism after contact, e.g., by ingestion, inhalation, or dermal absorption.
Exposure scenario—A  set of facts, assumptions, and inferences about how exposure takes place that aids the exposure assessor in evaluating, estimating, or quantifying exposures.
Fixed-location monitoring—Sampling of an environmental or ambient medium for pollutant concentration at one location continuously or repeatedly over some length of time.
Geom etric mean—The nth root of the product of n values.
Guidelines—Principles and procedures to set basic requirements for

general limits of acceptability for assessments.
Hazard identification—A  description of the potential health effects attributable to a specific chemical or physical agent. For carcinogen assessments, the hazard identification phase of a risk assessment is also used to determine whether a particular agent or chemical is, or is not, causally linked to cancer in humans.
High-end exposure (dose) estimate— A  plausible estimate of individual exposure or dose for those persons at the upper end of an exposure or dose distribution, conceptually above the 90th percentile, but not higher than the individual in the population who has the highest exposure or dose.
High-end R isk  Descriptor—A. plausible estimate of the individual risk for those persons at the upper end of the risk distribution, conceptually above the 90th percentile but not higher than the individual in the population with the highest risk. Note that persons in the high end of the risk distribution have high risk due to high exposure, high susceptibility, or other reasons, and therefore persons in the high end of the exposure or dose distribution are not necessarily the same individuáis as those in the high end of the risk distribution.
Intake—The process by which a substance crosses the outer boundary of an organism without passing an absorption barrier, e.g., through ingestion or inhalation. (See also potential dose)
Internal dose—The amount of a substance penetrating across the absorption barriers (the exchange boundaries) of an organism, via either physical or biological processes. For the purpose of these Guidelines, this term is synonymous with absorbed dose.
Lim it o f detection (LOD) [or M ethod  

detection lim it (M DL)J—Tim minimum concentration of an analyte that, in a given matrix and with a specific method, has a 99% probability of being identified, qualitatively or quantitatively measured, and reported to be greater than zero.
M atrix—A  specific type of medium (e.g., surface water, drinking water) in which the analyte of interest may be contained.
M axim ally exposed individual 

(M EI)—The single individual with the highest exposure in a given population (also, most exposed individual). This term has historically been defined various ways, including as defined here and also synonymously with worst case or bounding estimate. Assessors are cautioned to look for contextual
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Maximum exposure range—A  semiquantitative term referring to the extreme uppermost portion of the distribution of exposures. For consistency, this term (and the dose or risk analogues) should refer to the portion of the individual exposure distribution that conceptually falls above about the 98th percentile of the distribution, but is not higher than the individual with the highest exposure.
M edian value—The value in a measurement data set such that half the measured values are greater and half are less.
Microenvironm ent method—A  method used in predictive exposure assessments to estimate exposures by sequentially assessing exposure for a series of areas (microenvironments) that can be approximated by constant or well-characterized concentrations of a chemical or other agent.
Microenvironm ents— Well-defined surroundings such as the home, office, automobile, kitchen, store, etc. that can be treated as homogeneous (or well characterized) in the concentrations of a chemical or other agent.
M ode—The value in the data set that occurs most frequently.
M onte Carlo technique—A  repeated random sampling from the distribution of values for each of the parameters in a generic (exposure or dose) equation to derive an estimate of the distribution of (exposures or doses in) the population.
Nonparametric statistical methods— Methods that do not assume a functional form with identifiable parameters for the statistical distribution of interest „ (distribution-free methods).
Pathway—The physical course a chemical or pollutant takes from the source to the organism exposed.
Personal measurement—A  measurement collected from an individual’s immediate environment using active or passive devices to collect the samples.
Pharm acokinetics—The study of the time course of absorption, distribution, metabolism, and excretion of a foreign substance (e.g., a drug or pollutant) in an organism’8 body.
Point-of-contact measurement o f 

exposure—A n  approach to quantifying exposure by taking measurements of concentration over time at or near the point of contact between the chemical and an organism while the exposure is taking place.
Potential dose—The amount of a chemical contained in material ingested, air breathed, or bulk material applied to the skin.

, Precision—A  measure of the reproducibility of a measured value under a given set of conditions.
Probability samples—Samples selected from a statistical population such that each sample has a known probability of being selected.
Q uality assurance (Q A)—An integrated system of activities involving planning, quality control, quality assessment, reporting and quality improvement to ensure that a product or service meets defined standards of quality with a stated level of confidence.
Quality control (Q C}—The overall system of technical activities whose purpose is to measure and control the quality of a product or service so that it meets the needs of the users. The aim is to provide quality that is satisfactory, adequate, dependable, and economical.
Quantification lim it (QL)—The concentration of analyte in a specific matrix for which the probability of producing analytical values above die method detection limit is 99%.
Random samples—Samples selected from a statistical population such that each sample has an equal probability of being selected.
Range—The difference between the largest and smallest values in a measurement data set.
Reasonable worst case—A  semiquantitative term referring to the lower portion of the high end of the exposure, dose, or risk distribution. The reasonable worst case has historically been loosely defined, including synonymously with maximum exposure or worst case, and assessors are cautioned to look for contextual definitions when encountering this term in. the literature. As a semiquantitative term, it is sometimes useful to refer to individual exposures, doses, or risks that, while in the high end of the distribution, are not in the extreme tail. For consistency, it should refer to a range that can conceptually be described as above the 90th percentile in the distribution, but below about the 98th percentile, (compare maximum exposure range, worst case).«
Reconstruction o f dose—An approach to quantifying exposure from internal dose, which is in turn reconstructed after exposure has occurred, from evidence within an organism such as chemical levels in tissues or fluids or from evidence of other biomarkers of exposure.
Representativeness—The degree to which a sample is, or samples are, characteristic of the whole medium, exposure, or dose for which the samples are being used to make inferences.
R isk—The probability of deleterious health or environmental effects.

R isk characterization—The description of the nature and often the magnitude of human or nonhuman risk, including attendant uncertainty. _  <
Route—1The way a chemical or pollutant enters an organism after contact, e.g., by ingestion, inhalation, or dermal absorption.
Sam ple—A  small part of something designed to show the nature or quality of the whole. Exposure-related measurements are usually samples of environmental or ambient media, exposures of a small subset of a population for a short time, or biological samples, all for the purpose of inferring the nature and quality of parameters important to evaluating exposure.
Sampling frequency—The time interval between the collection o f  successive samples.
Sampling plan—A  set of rules or procedures specifying how a sample is to be selected and handled. .
Scenario evaluation— An approach to quantifying exposure by measurement or estimation of both the amount of a substance contacted, and the frequency/ duration of contact, and subsequently linking these together to estimate exposure or dose.
Source characterization 

measurements—Measurements made to characterize the rate of release of agents into the environment from a source of emission Such as an incinerator, landfill, industrial or municipal facility, consumer product, etc.
Standard operating procedure 

(SOP}—A  procedure adopted for repetitive use when performing a specific measurement or sampling operation.
Statistical control—The process by which the variability of measurements or of data outputs of a system is controlled to the extent necessary to produce stable and reproducible results. To say that measurements are under statistical control means that there is statistical evidence that the critical variables in the measurement process are being controlled to such an extent that the system yields data that are reproducible within well-defined limits.
Statistical significance—An inference that the probability is low that the observed difference in quantities being measured could be due to variability in the data rather than an actual difference in the quantities themselves. The inference that an observed difference is statistically significant is typically based on a test to reject one hypothesis and accept another.
Surrogate data—Substitute data or measurements on one substance used to
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estimate analogous or corresponding values of another substance.
Uptake—The process by which a substance crosses an absorption barrier and is absorbed into the body.
Worst case—A  semiquantitative term referring to the maximum possible exposure, dose, or risk, that can conceivably occur, whether or not this exposure, dose, or risk actually occurs or is observed in a specific population. Historically, this term has been loosely defined in an ad hoc way in the literature, so assessors are cautioned to look for contextual definitions when encountering this term. It should refer to a hypothetical situation in which everything that can plausibly happen to maximize exposure, dose, or risk does in fact happen. This worst case may occur (or even be observed) in a given population, but since it is usually a very unlikely set of circumstances, in most cases, a worst-case estimate will be somewhat higher than occurs in a specific population. As in other fields, the worst-case scenario is a useful device when low probability events may result in a catastrophe that must be avoided even at great cost, but in most health risk assessments, a worst-case scenario is essentially a type of bounding estimate.
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Contam. Toxicol. 43:207-214.Part B: Response to Public and Science Advisory Board Comments1. IntroductionThis section summarizes the major issues raised in public comments on the Proposed Guidelines for Exposure- Related Measurements (hereafter “1988 Proposed Guidelines”) published

December 2,1988 (53 FR 48830-48853). In addition to general comments, reviewers were requested to comment specifically on the guidance for interpreting contaminated blanks versus field data, the interpretation of data at or near the limit of detection, approaches to assessing uncertainty, and the Glossary of Terms. Comment was also invited on the following questions: Should the 1988 Proposed Guidelines be combined with the 1986 Guidelines for Estimating Exposures (hereafter “1986 Guidelines”)? Is the current state-of-the- art in making measurements of population activities for the purpose of exposure assessment advanced to the point where the Agency can construct guidelines in this area? Given that EPA Guidelines are not protocols or detailed literature reviews, is the level of detail useful and appropriate, especially in the area of statistics?The Science Advisory Board (SAB) met on December 2,1988, and provided written comments in a May, 1989 letter to the EPA Administrator (EPA-SAB- EETFC-86-020). The public comment period extended until March 2,1989. Comments were received from 17 individuals or organizations.After the SAB and public comment, Agency staff prepared summaries of the comments and analyses of major issues presented by the commentors. These were considered in the development of these final Guidelines. In response to the comments, the Agency has modified or clarified most of the sections of the Guidelines. For the purposes of this discussion, only the most significant issues reflected by the public and SAB comments are discussed. Several minor recommendations, which do not warrant discussion here, were considered and adopted by the Agency in the revision of these Guidelines.The EPA revised the 1988 Proposed Guidelines in accordance with the public and SAB comments, retitling them Guidelines for Exposure Assessment (hereafter “Guidelines”). The Agency presented the draft final Guidelines to the SAB at a public meeting on September 12,1991, at which time the SAB invited public comment for a period of 30 days on the draft. The SAB discussed the final draft in a January 13,1992 letter to the Administrator of the EPA (EPA-SAB- IAQC-92-015). There were no additional public comments received.. 2. Response to General CommentsIn general, the reviewers were complementary regarding the overall quality of the 1988 Proposed Guidelines. Several reviewers requested that the
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Agency better define the focus and intended audiences and refine the Guidelines with regard to treatment of nonhuman exposure. The Agency has refined its approach and coverage in these Guidelines. Although these Guidelines deal specifically with human exposures to chemicals, additional supplemental guidance may be developed for ecological exposures, and exposures to  biological or radiological entities. H ie  Agency is currently developing separate guidelines for ecological risk assessment.Concerns were expressed about the Agency’s use of the terms exposure and dose. Consequently, the Agency reviewed its definitions and uses of these terms and evaluated their use elsewhere in the scientific community. The Agency has changed its definitions and uses of these terms from that in both the 1966 Guidelines and the 1988 Proposed Guidelines. It is believed that the definitions contained in the current Guidelines are now in conceit with the definitions suggested by the National Academy o f Sciences and others in the scientific field.Many reviewers urged the Agency to be more explicit in its recommendations regarding uncertainty in statistics, limits of detection, censored data sets, and the use of models. Some reviewers felt the level of detail was appropriate for statistical uncertainty while others wanted additional methods for dealing with censored data. Several commended the Agency for its acknowledgement of uncertainty in exposure assessments and the call for its explicit description in all exposure assessments, while others expressed concern for lack of acknowledgement of model uncertainty. Accordingly, these areas have been revised and an entire section has been devoted to uncertainty. We agree with the reviewers that much more work remains to be done in this area, particularly with evaluating overall exposure assessment uncertainty, not only with models but also with the distributions of exposure parameters. The Agency may issue additional guidance hi this area in the future.

Some reviewers submitted extensive documentation regarding detection limits and statistical representations. Several submitted comments arguing against data reporting conventions that result in «censored data sets and recommended that the Agency issue a guidance document for establishing total system detection limits. The Agency found the documentation to be helpful and has revised the sections of the Guidelines accordingly. Unfortunately, several of the other suggestions go beyond the scope «of this documentThe reviewers generally commented that the glossary was useful presenting many technical terms and defining them in an appropriate manner. Use glossary has been expanded to include the key terms used in the Guidelines, while at the same time correcting some definitions that were inconsistent or unclear. In particular, die definitions for exposure and dose have been revised.3. Response to Comments on the Specific Questions
3.1. Should the 1968 Proposed 
Guidelines Be combined with the 1986 
Guidelines?The SA B  and several other commentors recommended that the 1986 Guidelines and the 1988 Proposed Guidelines be combined into an integrated document. The Agency agrees with dais recommendation and has made an effort to produce a single guideline that progresses logically from start to finish. This was accomplished through an extensive reformatting of the 'two sets of guidelines as an integrated document, rather than a simple joining together of the previous versions.In integrating the two previous guidelines, «dm Agency has revised and updated die section in die 1986 Guidelines that suggests an outline for an exposure assessment. A  more complete section {section 7 of the current Guidelines! now discusses how assessments should be presented and suggests a series o f points to consider in reviewing assessments.The Agency has also expanded die section in the 1986 Guidelines that discussed exposure scenarios, partly by

incorporating material from the 1988 Proposed Guidelines, and partly as a result of comments requesting clarification o f the appropriate use of certain types of scenario (e.g., “worst case"!). Section S J  o f the current Guidelines extensively discusses the appropriateness of using various scenarios, estimates, and risk descriptors, and defines certain scenario-related terms for use in exposure assessments.
3.2. Is the Current State-of-the-Art in 
Making Measurements o f Population 
Activities for the Purpose o f Exposure 
Assessm ent Advanced to the Point 
Where the Agency Can Cons truct 
Guidelines in  This Area ?Both the SAB and public comments recommended die inclusion of demographics, population dynamics, and population activity patterns in die exposure assessment process. In response, the Agency has included additional discussion on use of activity patterns in the murent Guidelines, while recognizing that more research has to be done in this area.
3.3. Is the Level o f Detail o f the 
Guidelines Useful and Appropriate, 
Especially in the Area o f Statistics?As might be expected, there was no clear consensus of opinion on what constitutes appropriate coverage. Regarding quality assurance (QA) and quality control (QC), it was felt that a strong statement on the need for Q A / v Q C  followed by reference to appropriate EPA documents was a suitable level of detail. Statistical analyses, sampling issues, limit of detection, and other analy tical issues all elicited many thoughtful comments. Where the recommendations did not exceed the scope of the document or the role of EPA, the Agency has attempted to blend the various recommendations into the current Guidelines. In all these areas, therefore, the previous sections have been revised in accordance with comments.
[FR Doc. 02—10425 Filed 5-28-92; 8:45 am) 
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AGENCY: Forest Service, Department of Agriculture. Fish and Wildlife Service, Department of the Interior. 
a c t i o n : Final rule.
s u m m a r y : This rule promulgates regulations governing administration of subsistence taking of fish and wildlife on public lands in Alaska. This rule implements the subsistence priority for rural Alaska residents under Title VIII of the Alaska National Interest Lands Conservation Act (ANILCA). It replaces the Temporary Subsistence Management Regulations for Public Lands in Alaska, which expire on June30,1992.
EFFECTIVE DATE: July 1, 1992.
FOR FURTHER INFORMATION CONTACT: Richard S. Pospahala, Office of Subsistence Management, U .S. Fish and Wildlife Service, 1011 E. Tudor Road, Anchorage, Alaska 99503; telephone (907) 786-3447. For questions specific to National Forest system lands, contact Norman R. Howse, Assistant Director Subsistence, USDA, Forest Service, Alaska Region, P.Q. Box 21628, Juneau, Alaska 99802-1628; telephone (907) 586- 8890.
SUPPLEMENTARY INFORMATION: 

BackgroundTitle VIII of AN ILCA (16 U .S.C. 3111- 3126) requires the Secretary of the Interior and the Secretary of Agriculture (Secretaries) to implement a joint Federal Subsistence Management Program (FSMP) to grant a priority for subsistence uses of fish and wildlife resources on public lands in Alaska, unless the State of Alaska enacts and implements laws of general applicability consistent with sections 803, 804, and 805 of ANILCA. To be consistent with sections 803, 804, and 805 of AN ILCA, the State’s laws of general applicability must confine the preference for subsistence uses to those subsistence uses engaged in by rural Alaska residents. Until recently, the State managed the subsistence program on

public lands pursuant to section 805 of AN ILCA. In December 1989, the Alaska Supreme Court ruled in M cDowell v. 
State o f Alaska  that the rural preference found in the State subsistence statute violated the Alaska Constitution. The effect of this ruling required the State to delete the rural preference from its subsistence statute, and therefore, the State subsistence statute failed to comply with Title VIII of AN ILCA. The Court stayed the effect of the McDowell decision until July 1,1990.Consequently, the Secretaries assumed responsibility for the implementation of Title VIII of AN ILCA on July 1,1990. On June 29,1990, the “Temporary Subsistence Management Regulations for Public Lands in Alaska, Final Temporary Rule" were published in the Federal Register (55 FR 27114- 27170). The temporary regulations defined and implemented a program approved by the Secretaries and administered by the Federal Subsistence Board (Board). Under the temporary . regulations, the Secretary of the Interior with the concurrence of the Secretary of Agriculture appointed the Board Chair. Other members of the Board include the Alaska Regional Director, U .S. Fish and Wildlife Service; the Alaska Regional Director, National Park Service; the Alaska State Director, Bureau of Land Management; the Alaska Area Director, Bureau of Indian Affairs; and the Alaska Regional Forester, U SD A Forest Service. These agencies participated in the development of the temporary regulations. In addition, all Board members have reviewed this final rule and concur in its publication. Because this final rule relates to public lands managed by an agency or agencies in both the Departments of Agriculture and the Interior, identical text will be incorporated into 36 CFR part 242 and 50 CFR part 100.' Summary of CommentsThe proposed rule for Subsistence Management Regulations on Federal Public Lands in Alaska, subparts A , B, and C  (57 FR 3676-3687, January 30,1992) afforded the public a comment period of 45 days to address issues and language included therein. During the comment period, public meetings were held in Alaska in Anchorage, Barrow, Bethel, Dillingham, Fairbanks, Kodiak, Kotzebue, Naknek, Nome, and Sitka. In addition to comments offered during this comment period, comments received at 42 public hearings held for discussion regarding the draft Environmental Impact Statement (EIS), and at six public hearings on subpart D, were considered. The public submitted a total

of 446 written comments and 200 oral comments.Analysis of Comments 
Section  _____ .1 PurposeNo comments were received on this section.
Section_______ 2 AuthoritySeveral commentors questioned the need for any regulation of subsistence taking of fish and wildlife. Title VIII of AN ILCA provides for the continuation of the opportunities for subsistence uses, by rural Alaska residents, consistent with maintaining healthy fish and wildlife populations. The Secretaries’ responsibilities are thus two-fold: To conserve healthy fish and wildlife populations and to ensure that non- wasteful subsistence uses of fish and wildlife populations are accorded priority over other consumptive uses on public lands. Section 814 of AN ILCA requires the Secretaries to prescribe regulations as necessary to carry out these responsibilities. In accordance with the mandate of Title VIII of AN ILCA, it is the intent of the Secretaries to regulate subsistence taking of fish and wildlife in such a way as to cause the least adverse impact possible on subsistence users.It also was suggested that the regulations should not apply in cases of dire need. Emergency taking of wildlife in life-threatening situations is governed under State regulations; such taking is not prohibited under FSMP regulations.Another commentor declared that management of fish and wildlife should only fall under the State’s administration. The Secretaries agree that it is preferable for the State of Alaska to manage the subsistence taking and use of fish and wildlife. However, if the State regulatory regime is inconsistent with sections 803, 804, and 805 of ANILCA, then the Secretaries must establish a regulatory regime for public lands that meets those requirements. At this time, the State does not have a law of general applicability that is consistent with the title VIII requirement to grant a subsistence priority to residents of rural areas. As long as the State fails to satisfy section 805 of ANILCA, and as long as the rural preference is required by title VIII of AN ILCA, the Secretaries must regulate subsistence taking and use of fish and wildlife on public lands. However, the regulations do provide for the State to reacquire the responsibility for managing subsistence taking of fish and wildlife on public lands.



Federal Register / Vol. 57, No. 104 / Friday, May 29, 1992 / Rules and Regulations 22941

Section —;----- m? Applicability and
ScopeSeveral commentors objected to the prohibition against subsistence taking in Glacier Bay National Park and Katmai National Park. Title II of ANILCA specifies the National Park Service areas in which subsistence uses are authorized. Title II does not authorize subsistence uses in Glacier Bay National Park, Katmai National Park, Kenai Fjords National Park, and that portion of Denali National Park established as Mt. McKinley National Park prior to passage of ANILCA. Therefore, neither Title VIII of AN ILCA nor these regulations permit subsistence uses on the public lands identified above.Several commentors expressed frustration with the lack of clarity in the regulations. Commentors generally did not identify the specific regulations that they thought were confusing. However, where possible, regulatory language has been revised to improve clarity. One commentor requested clarification of themeaning of the § --------- 3(a) statementthat these regulations do not supersede other agency specific regulations. This statement means that regulations in this final rule do not override regulations that individual agencies establish to carry out their particular responsibilities.One commentor asserted that the regulations do not apply to a sovereign nation. The regulations apply to the taking of fish and wildlife resources on public lands as defined in this Part.Another commentor suggested that the term “fish and wildlife” be replaced with the term “ other wild and renewable resources,” the term used in section 803 of AN ILCA to define subsistence uses. AN ILCA requires the Secretary to take over subsistence management responsibilities on public lands if the State fails to enact laws of general applicability consistent with sections 803, 804, and 805 of AN ILCA. Section 805(d) of AN ILCA specifies that these regulatory responsibilities apply to the taking of fish and wildlife on public lands. The FSMP has been established to assume these responsibilities until the Secretaries certify that the State’s subsistence legislation complies with title VIII of AN ILCA and a rulemaking proceeding to repeal these regulations has been completed. Additionally, section 1314 (a) and (b) of ANILCA further limit the State’s subsistence management jurisdiction to fish and wildlife only, and ensure that management responsibility for all other resources remains with the Secretaries. Consequently, the FSMP pertains only to the taking of fish and wildlife on public

lands. The taking and use of wild and renewable resources, other than fish and wildlife, will continue to be managed by the appropriate land management agency.Section________.3 of these regulationsspecifies that the regulatory language applies to all non-navigable waters located on all public lands and to navigable waters located on certainpublic lands listed at § _________3(b). Theareas in this list, along with the area referred to as the Old Kuskokwim Wildlife Refuge which has now been deleted from this list in the final rule, previously appeared at various locationsthroughout § ________.24 of subpart D inthe proposed regulations (56 FR 64404- 64444). The area identified as the Old Kuskokwim Wildlife Refuge is that portion of the present Yukon Delta National Wildlife Refuge formerly known as the Kuskokwim National Wildlife Range. The definition of public lands found in AN ILCA and these regulations does not include the submerged lands beneath navigable waters in the area formerly known as the Kuskokwim National Wildlife Range because the United States does not hold title to those submerged lands. As indicated in § _ _ _ _ .3 ( c ) , the areas in this list remain subject to modification through rulemaking procedures. Nothing in these regulations is intended to enlarge or diminish the Federal government’s authority to manage submerged lands title to which is held by the United States. The Departments retain the authority to exercise jurisdiction over those submerged lands which the United States reserved at the time of Alaska’s Statehood and which have not been subsequently conveyed to the State or any other party.
Section________.4 DefinitionsComments on definitions included requests for clarity, criticisms of specific definitions, suggested revisions to specific definitions, and requests for additional terms to be defined. Several editorial changes have been made to correct inadvertent deletions and to clarify intent. Where possible, definitions have been revised to be more explicit. The definition of agency has been expanded to identify the five principal Federal land management agencies with subsistence management responsibilities.The definitions of barter and customary trade elicited numerous comments. Some commentors objected . to the regulation defining customary trade as an alternative means of supporting subsistence needs. They viewed customary trade as integral to, not an alternative to, subsistence, citing

section 803 of AN ILCA. The final regulation has been amended to reflect this comment.Several commentors felt that it was inappropriate to prohibit the use of money as a component of barter. Others mentioned that the definition of barter, which prohibits exchange of money, conflicts with the definition of customary trade, which authorizes the exchange of money as long as the exchange does not constitute a significant commercial enterprise. The definition of barter in the regulations, including the prohibition against use of cash, comes directly from section 803(2) of AN ILCA. Likewise, the legislative history of AN ILCA pertaining to customary trade reveals that cash may play a role in subsistence activities, and AN ILCA accommodates that role.Several commentors recommended that the regulations establish more definitive guidelines describing exactly what constitutes customary trade. Some of these commentors suggested that the regulations use a dollar figure to define customary trade. Others felt that customary trade should be limited to the types and volumes of trade that occurred prior to the passage of ANILCA. At this time, insufficient customary and traditional use information exists to establish further guidelines that will accommodate subsistence use for customary trade while precluding the development of any significant commercial enterprise under the guise of subsistence. Following the enactment of this rule, the Board will place a high priority on refining the definition of customary trade and developing a definition for significant commercial enterprise, after considering recommendations submitted by the Federal Regional Advisory Councils (Regional Councils).Several comments were received relative to the definitions of conservation of healthy populations of fish and wildlife and conservation of natural and healthy populations of fish and wildlife. Some felt that the definitions should be compatible with the State’s sustained yield concept. Others saw the need to replace the definitions with a continued viability standard as found in sections 802, 804 and 816 of AN ILCA. A  few commentors wanted to reword the regulation to characterize subsistence uses as an integral, rather than natural, part of the ecosystem. Some commentors felt that . the definition of natural and healthy populations of fish and wildlife was an unnecessarily conservative standard. A  few commentors suggested that



22942 Federal Register / Vol. 57, No. 104 / Friday, May 29, 1992 / Rules and Regulationsmanaging for stable populations is unrealistic.Title VIII sets forth, in sections 802(1) and 815(1), the term conservation of healthy fish and wildlife populations, rather than sustained yield, as the standard by which subsistence taking and uses will be managed. The definition of this term comes from Senate Report 96-413, p.233. The term conservation of natural and healthy populations of fish and wildlife has been deleted from the definitions section because adequate protection of natural populations in National Park Service areas is embodied in the conservation of healthy populations of fish and wildlife definition, which states that management will differ depending upon specific agency mandates.Several commentors pointed out that the term continued viability was used in the regulations, but was not defined. A  definition is unnecessary since the added protection afforded by conservation of healthy populations of fish and wildlife will also protect and assure the continued viability of those populations.The definition of customary and traditional use was criticized as lacking a reference to the concept of sharing. Section 803 of AN ILCA and these regulations include sharing in the definition of subsistence uses. Sharing is recognized as a characteristic of subsistence uses, and ia one of eight factors to be used by the Board in making customary and traditional usedeterminations. Section________ 16 ofthese regulations describes the process the Board will employ when making customary and traditional use determinations. One commentor felt the last sentence of the regulation, referring to the important role of customary and traditional use in the economy of the community, was redundant.One commentor felt that the definition of family was too restrictive because it excludes members of the extended family living in other households.Section 803(1) of AN ILCA explicitly limits the definition of family to those persons related by blood, marriage, or adoption or those persons living within the same household on a permanent basis. Therefore, although members of an extended family may live in separate households, the members nevertheless satisfy the definition of family if they are related by blood, marriage, or adoption. The regulations recognize the importance of sharing, and do not prohibit the customary and traditional sharing of fish and wildlife for personal or family consumption.Numerous comments were received concerning the definitions of Federal

lands and public lands. All of these comments focused on the issue of jurisdiction over fisheries in navigable waters. Many felt that the definitions should include navigable waters to protect subsistence use and the subsistence priority. They strongly believe it was Congress’ intent to protect subsistence rights as broadly as possible. Additionally, many individuals commented that most subsistence resources are found in navigable waters.The scope of these regulations is limited by the definition of public lands, which is found in section 102 of AN ILCA and which only involves lands, waters, and interests therein title to which is in the United States. Because the United States does not generally own title to the submerged lands beneath navigable waters in Alaska, the public lands definition in AN ILCA and these regulations generally excludes navigable waters.Consequently, neither AN ILCA nor these regulations apply generally to subsistence uses on navigable waters. However, based upon specific pre- Statehood reservations of submergedlands, § ---------.3(b) establishes thatthese regulations apply to navigable waters located on the identified public lands. The listed areas remain subject to change through further rulemaking pending a review and determination of pre-Statehood reservations by the United States.Some commentors requested that the terms reasonable opportunity, subsistence priority, and rural subsistence priority be defined. However, the definitions section is intended to provide definitions for terms that are used in the regulations; and because these terms do not occur in the regulations it is not necessary to define them.Comments relating to the definition of resident consisted of opinions on what should constitute the minimum period of residency to qualify as a resident. The FSMP will continue to use the variety of factors listed in the regulations as the basis for determining who is a resident, because Board use of the various factors injects fairness and good faith into the process of identifying a resident. -Several requests suggested changes to the definition of subsistence uses. These regulations have adopted the term as defined by Congress in section 802 of AN ILCA, and will not be amended.
Section________ .5 Eligibility for
Subsistence UseThree types of comments were received relative to determining eligibility for subsistence use. Some wanted clarificatioa regarding which

individuals are eligible. A  few objected to the authority of the National Park Service, separate from the Board, to regulate eligibility for subsistence uses on National Park Service lands. Some suggested specifically excluding military personnel stationed in rural areas from eligibility for subsistence use.This section briefly describes those individuals eligible to take fish and wildlife for subsistence purposes under these regulations and how their eligibility is determined. There are two tests for Board determinations of eligibility. The first is rural residency. Only residents of communities or areas that the Board has determined to be rural are eligible for the subsistence priority. The process the Board uses to make rural determinations is describedin § ________ 15 of these regulations. Thesecond test for determining eligibility is customary and traditional use determinations. In making these determinations, the Board determines which rural communities or areas have customary and traditional use of specific fish stocks and wildlife populations. After these determinations have been made, only those rural communities or areas determined by the Board to have customary and traditional use of particular fish stocks or wildlife populations are eligible for subsistence use of those stocks or populations. The Board may determine which fish stocks or wildlife populations, if any, have been customarily and traditionally used by residents of military installations that the Board has determined to be rural. If the Board has not made a customary and traditional determination of a fish stock or wildlife population, then all Alaska rural residents as defined in§ _______.4 are eligible for use of thosestocks or populations.In accordance with section 203. of ANILCA, eligibility for the subsistence use of resources in areas managed by the National Park Service is restricted to local rural residents in National Preserves and, where specifically permitted, in National Monuments and Parks. National Park Service regulations govern which communities or individual residents qualify as local rural residents for specific National Park Service areas.In some cases it may be necessary to establish priorities for subsistence uses among qualified rural Alaska residents in order to protect the continued viability of a fish stock or wildlife population or to continue subsistence uses. In these cases allocation among qualified rural Alaska residents will be determined according to the regulatory language found herein at § ________ 17,
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Section----- -—.6 Licenses, Permits,
Harvest Tickets, Tags and ReportsThe provisions authorizing alternative permitting systems received a great deal of attention. During the development of this final rule, there was strong criticism of the harvest permitting and reporting mechanisms existing under the temporary regulations. People said that these mechanisms were incompatible with customary and traditional practices, including those associated with cultural and religious beliefs. For example, in some communities a few hunters are responsible for providing the bulk of the community’s meat supply. The existing permitting systems offer no legal means to accommodate this practice. People encouraged the development of alternative mechanisms to accommodate this and other well- established customary and traditional practices. Federal managers realize that harvest is often not reported because of these incompatibilities, and the result is an absence of accurate harvest and biological information. In response to these concerns, the proposed regulations to this final rule included language allowing the Board to implement alternative permitting systems and harvest reporting. Most comments expressed support for the proposed alternative permitting systems. A  few said that only the disabled should be allowed to designate another hunter.Public response to the alternative permitting provision in the proposed regulations to this final rule elicited additional support for implementation of such systems. People spoke of the importance of providing for extended families or for those who cannot hunt, such as the handicapped or the elderly. They described instances where it is culturally inappropriate for a person to harvest alone or for personal use and where a community-based harvest is important for cultural and ceremonial purposes such as funerals, memorials, and potlatches. People also spoke of the need and willingness of local representatives to manage harvest permitting, enforcement, and data collection.People suggested additional remedies to better accommodate subsistence uses. These remedies included eliminating licenses for subsistence, replacing licenses with identification cards, not charging fees for any license or permit, not requiring licenses or permits to be carried in the field or validated at the harvest site, allowing incidental and opportunistic take without permits, accommodating individuals with limited

comprehension of English, not requiring "sport” licenses of subsistence users, issuing licenses according to the regulatory year rather than calendar year, and making permits more available by using vendors or local governmental entities for distribution. These issues will be considered as the FSMP develops.Many people expressed concerns about enforcement problems, abuses of permits, and difficulties resulting from separate State and Federal licensing, permit, and reporting requirements. To the extent possible, these regulations are designed to work in conjunction with State requirements. Whenever possible, a State license, reporting, or permit mechanism will be used. Where State regulations regarding licenses, reporting or permits are inadequate, Federal license, reporting or permit mechanisms may, if necessary, provide rural Alaska residents subsistence opportunity while conserving healthy^ populations of fish and wildlife.Some comments addressed the text of the regulations. There were requests to clarify the responsibilities of individuals and communities. People noted that modifiers such as immediately and at all times were excessively demanding and should be eliminated. People suggested that revocation of permission should be outlined and that tags be required for community bag limits. It was also suggested that there be stipulations that community harvest may only be permitted where all who wish to hunt can be allowed to participate. In response to these comments, the regulations have been revised to further clarify responsibilities and requirements.Specific conditions for the use of a particular harvest reporting system may be applied on a case-by-case basis. Further development and refinement of  ̂guidelines for alternative permitting systems will occur as the FSMP evolves.Although these regulations generally permit an individual to harvest wildlife during a particular season and at a specified level.or bag limit, they also may permit harvest activity by a community. These regulations at§ _______ .6 were modified to state thatintent more clearly. A  defined group such as a community or a subunit of that community, such as a family, household, or traditional group, may be allowed to harvest under specific conditions.Some commented that various harvest activities permitted by these regulations may violate section 815(1) of AN ILCA, which prohibits transfer of subsistence privileges from one individual to another. These regulations do not

provide for such a transfer. Where alternative permitting systems are authorized for customary and traditional subsistence uses that involve more than an individual, the permits are for the whole activity and cannot be reassigned from one individual to another. It is the policy of the FSMP to cause the least adverse impact possible on rural residents that depend on subsistence resources, consistent with the sound management and conservation of healthy populations of fish and wildlife. The permit mechanisms of these regulations provide an opportunity for varied customary and traditional practices of subsistence uses and simultaneously provide for sound management of the resource.
Section________.7 Restriction on UseOne commentor requested that the term "sharing” be specified along with customary trade and barter as an exception to the restrictions on subsistence uses. Sharing is not prohibited by this section. The intent of this section is to preclude nonsubsistence exchange of items by limiting the exchange of fish and wildlife to barter or customary trade.Another commentor requested that this section specify that subsistence users are not exempt from any prohibitions concerning controlled ff substances and requested that this section include a prohibition against substance abuse while engaging in subsistence activities. Regulations in this part address the taking and use of fish and wildlife on public lands in Alaska. They do not regulate controlled substances. Other statutes and regulations govern use of controlled substances.
Section________.8 PenaltiesMost comments focused on the appropriateness of the penalties. Some people thought the penalties were excessive, while others felt they were too small. Others suggested that the regulations should authorize enforcement authorities to seize property. Although these regulations address the taking and use of fish and wildlife on public lands, they do not provide a penalty provision separate from, or in addition to, the penalty and forfeiture provisions of each individual land managing agency. Rather, any person convicted of violating any provision of these regulations may be punished in accordance with the maximum penalty and forfeiture provisions of the agency managing the area where the violation occurred. Each individual land managing agency has its
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Section--------- 9 Information Collection
RequirementsThis section is included to comply with the requirements of the Paperwork Reduction Act. It contains information regarding the estimated times involved in complying with the requirements necessary to submit information required by these regulations. Some commentors felt that the time requirements listed were too low. Asindicated in § ________ 9(b) of this finalrule, comments regarding time estimates should be sent directly to the address listed in this section.
Section________ 10 Federal Subsistence
BoardMany of the comments relative to the Federal Subsistence Board pertained to the membership. People generally wanted subsistence users to have as great an effect as possible on decisions, and thus recommended that the Board have subsistence users as members. In particular, many people felt that the regulations should reflect the Board composition described in Alternative III of the EIS, in which the voting membership would include the Chairs of each Regional Council. It was also suggested that a Native person or a tribal representative be appointed to the Board. The administrative structure established by these regulations enables rural Alaska residents who have personal knowledge of local conditions and requirements to have a meaningful role in the management of fish and wildlife and of subsistence uses on public lands. The framework erected in§ --------- 11 and________ 12 of theseregulations defines the mechanisms for including rural Alaska residents in the decisionmaking process, and establishes guidelines for decisionmakers when considering recommendations. Neither AN ILCA nor these regulations provide mechanisms for including rural Alaska residents beyond the scope of the advisory system.People were concerned that Board members lack sufficient knowledge, particularly of subsistence, to fulfill title VIII responsibilities adequately. One person listed several professional and

subsistence experience standards he felt the regulations should require individuals to satisfy in order to qualify for Board membership. The FSMP does afford rural Alaska residents the opportunity to submit recommendations for consideration to the Board. The advisory system found in theseregulations at § ________ 11 providesauthority for the Board to accept and consider recommendations regarding subsistence uses and explains the procedures for responding to those recommendations. The State liaison and Regional Council liaisons may attend public portions of Board meetings and be actively involved as consultants to the Board. Additionally, Board members are supported by a variety of advisors and staff members who have professional and/or subsistence experience and education.Commentors also suggested that the regulations be amended to include the Regional Forester as a voting member of the Board, and the State representative and Regional Council Chairpersons as liaisons to the Board. These omissions from the proposed rule were inadvertent; the final rule has been amended.Co-management and delegation of management authority to regional or local entities were suggested by several commentors. Local entities mentioned included Indian Reorganization Act (IRA) councils, traditional councils and tribal governments. The Alaska Eskimo Whaling Commission was cited as an example of successful co-management. Because AN ILCA does not authorize the Secretaries to delegate their title VIII responsibilities to private persons or groups, these regulations do not authorize the Board to delegate such responsibilities to private persons or groups.However, regulatory language atI ---------.10(d)(4)(xv), which is consistentwith section 809 of AN ILCA, authorizes the Board to enter into other cooperative agreements with other entities to effectuate these regulations. It is the intent of the FSMP to seek opportunities, within funding constraints, to cooperate with groups having an interest in subsistence management.One commentor said that the regulations should include language giving the Board authority to assert jurisdiction off public lands for migratory species, such as caribou, to protect subsistence uses. These regulations implement the statutory provisions found in title VIII of ANILCA. Because title VIII of A N ILCA only provides statutory authority for the Secretaries to exercise jurisdiction on

public lands, these regulations do not address activities off public lands.Several comments suggested the regulations stipulate that Board meetings be held more than once per year and in locations, particularly rural areas, other than Anchorage. The final regulation has been revised to require a minimum of two meetings per year. Efforts will be made to hold Board meetings in locations other than Anchorage, subject to funding and time constraints.Some people requested that§ _________10(d)(4J(ii), pertainingspecifically to the Board's responsibility to determine rural areas, include a requirement for the Board to use recommendations from the Regional Councils in making thesedeterminations. Section_____ _10(e) ofthese regulations already obligates the Board to consider recommendations from Regional Councils regarding rural determinations. Additional regulatory language requiring the Board to consider such recommendations would be redundant.These regulations authorize the Board to eliminate the taking of fish and wildlife on public lands for administrative reasons. Two commentors requested that the regulations further clarify what constitutes administrative reasons for closure. An administrative reason for closure could arise in a situation where unanticipated circumstances such as inclement weather cause the absence of agency law enforcement officers who would manage and regulate the subsistence harvest of a wildlife population. In such a case, the taking of the particular wildlife population on public lands would be prevented until agency officials become available.Several commentors expressed concern regarding the Federal Advisory Committee Act (FACA) requirement that Regional Council and Federal Local Advisory Committee (Federal Advisory Committee) members be appointed by the Secretaries rather than elected by rural Alaska residents. One commentor requested that the requirement in§ ---------.10(d)(4)(xii) to appoint FederalAdvisory Committee members pursuant to the FA C A  be revised to allow election of members by local residents pursuant to § 805 of AN ILCA. FA CA  is a Federal statute which controls the procedures for appointing advisory committee representatives and are not subject to amendment by these regulations. It is the Board’s intent to give rural Alaska residents as much control as possible over the selection of their representatives within the



Federal Register / V o l . 57, N o . 104 / F r id a y , M a y  29, 1992 / R u le s  a n d  R e g u la tio n s  22945constraints established by F A CA . Accordingly, the Secretaries will appoint Regional Council members and Federal Advisory Committee members if such committees are formed by the Federal government, based upon nominations submitted to the Board,Several commentors requested that§ — ----- ,10(d)(4)(xv) be amended tospecify that tribal governments, IRA councils, and traditional councils be specifically listed as organizations with which the Board may enter into cooperative agreements. The final rule has been amended to clarify that the Board or agencies may enter into agreements with these as well as other entities. One commentor requested that international entities be specifically mentioned as eligible for entering into cooperative agreements with the Board. This provision was included in the proposed rule and remains in the final rule.Several commentors suggested that contracting authority be specifically mentioned in the final rule. Contracting authority falls within the scope of cooperation authorized by section 809 of AN ILCA and is provided for in § --------r.10(d)(4)(xv) of the final rule.Numerous commentors requested that more than eight subsistence resource regions be established. In response to public concerns over the eight regions envisioned in the EIS and the proposed rule, the Board recommended, and the Secretaries approved in the Record of Decision (ROD), the establishment of ten regions. This amendment is reflected in the final rule. Public comihents received on the proposed regulations to the final rule do not reveal objections to adopting the ten regions as approved in the ROD. Therefore, this final rule includes a provision for the establishment of ten regions.Several comments addressed the structure and function of the staff committee. Comments requested that the staff committee structure include subsistence users and that the State and other entities be invited to staff committee meetings. One commentor suggested that the regulations more clearly define the role of the staff committee to ensure that the staff committee does not exceed its authority. The role of the staff committee, is to provide analytical and administrative support to the Board, at the direction of the Board. The staff committee envisions coordination with nOmFederal entities to help fulfill these responsibilities. However, the primary avenue for involving rural Alaska residents in subsistence management will be through the Regional Councils and Federal Advisory Committees, if

established, described in § § ________ 11and--------- 12 of these regulations.Several commentors wanted assurance that the Board would be responsive to Regional Council recommendations. Consistent withAN ILCA, § — -----10(e) of theseregulations specifically requires the Board to consider recommendations of the Regional Councils. The Board may choose not to follow recommendations that lack the support of substantial evidence, violate recognized principles of fish and wildlife conservation, or would be detrimental to the satisfaction of subsistence needs. The Board intends to use the Regional Councils to the maximum extent possible to fulfill its obligation to provide rural Alaska residents with a meaningful role in subsistence management, as mandated by Title VIII of AN ILCA. Several commentors also suggested that the regulations direct the Board to respond, in writing and in a timely fashion, to Regional Council recommendations. The final rule has been amended to incorporate this suggestion.
Section _ ______ ,11 Regional Advisory
CouncilsApproximately half of the coihments concerning the Regional Councils referred to the method of selection or requirements for Regional Council members. Most of these comments sought assurance that rural residency or subsistence uses would be a requirement for membership. Section 801(5) of AN ILCA requires the Regional Councils to be composed of “rural residents who have personal knowledge of local conditions and requirements.”Therefore, § ________ 11(b) of theseregulations obligates the Board to solicit and accept nominations for Regional Council members from local entities including Federal Advisory Committees, IRA and Traditional Councils, city councils and other local organizations and individuals. The Secretaries will appoint members to each Regional Council from the pool of nominations submitted to the Board for each region. The ROD outlined a system wherein the number of members on a Regional Council will be determined by the Board and will vary from region to region, depending on the number and distribution of subsistence users in the region, the variety of subsistence resources used, and the nature and extent of management issues. Public comments received on the proposed regulations do not reveal any objections to this system described in the ROD. Therefore, the Board intends to adopt this system of determining the number of members on each Regional Council.

Adequate funding for the Regional Council system was a commonly expressed concern. Federal managers are aware that the Regional Councils’ ability to function properly in the past has been hampered by lack of funding. The budgeting process through which funding is allocated is complex and involves many participants and many requests for funding. Consequently, the amount of funding allocated to the advisory system is subject to forces over which the FSMP generally has limited control. Federal managers will continue to work through the channels available to it to secure funding levels necessary to administer the program adequately.Several people wanted assurance that the Regional Councils would consider information provided by all sources, not just Federal Advisory Committees, if established, or the existing State Advisory Committees. The FSMP contemplates that Regional Councils will consider information presented by all sources during the decisionmaking process.Many comments expressed dissatisfaction that the Regional Councils would be subject to the F A C A  and suggested deletion of all references to it. Until Congress provides otherwise, Regional Councils are subject to the requirements of the FACA.Several people questioned the Regional Councils’ oversight responsibilities and authorities relative to the Advisory Committees. The Regional Councils' authorities identifiedin § ---------.11 of these regulationscorrelate with section 805 of AN ILCA. Section 805 of AN ILCA characterizes the role of the Federal Advisory Committees as providing advice to, and assisting, the Regional Councils. As such, any Advisory Committees will serve as a source of information to the Regional Councils. Consistent withsection 805 of AN ILCA, § _______ :. l l  ofthese regulations does not authorize the Regional Councils to assert authority over, monitor, or otherwise oversee the Advisory Committees.Two commentors requested further delineation of the duties and qualifications of the Regional Coordinator positions. The Regional Coordinators will provide administrative and technical assistance to the Regional Councils. Qualifications for these positions will include sufficient technical and administrative skills and knowledge of ¿ubsistence uses to provide effective assistance to the Regional Councils.It was suggested that language be added describing Regional Council authority to appoint three members of



22946 Federal Register / V o l 57, No. 104 / Friday, May 29, 1992 / Rules and Regulationseach Subsistence Resource Commission. Regulatory language has been added at§ ---------ll(c)(l)(vii) describing theresponsibility of a Regional Council to appoint members to the Subsistence Resource Commissions (Commissions) within a Regional Council’s respective region. An additional suggestion sought definition of the other duties found at§ ---------ll(c)(2)(ii) of these regulations,the Board would require the Regional Councils to perform. At this time, it is difficult to predict what other duties may be necessary for the Regional Councils to perform. Generally, as setout in § --------11 of these regulations,the Regional Councils will review, evaluate and make recommendations on any existing or proposed regulation, policy, or management plan, or any other matter relating to the subsistence taking of fish and wildlife within or affecting the regions they represent.
Section-------- .12 Local Advisory
CommitteesMany of the comments received pertaining to Federal Advisory Committees dealt with the establishment of the committees. Some commentors wanted to have one Federal Advisory Committee per village. Others suggested using the existing State advisory committees. Consistent withAN ILCA, § --------- 12 of theseregulations directs the Board to establish Advisory Committees as necessary, after determining that the existing State advisory committees do not adequately perform the local committee functions of providing advice to, and assisting, the Regional Councils in carrying out their responsibilities. The review of the existing advisory system, published in June 1991, concluded that the existing Advisory Committees were an adequate source of advice and assistance to the Regional Councils in carrying out the functions authorized by AN ILCA. Consequently, the Board will not establish Federal Advisory Committees unless the existing State Advisory Committees are found to be inadequate, and in addition, Federal Advisory Committees are found to be necessary. The Board will establish Advisory Committees if the Board determines that Federal Advisory Committees are necessary and if, after notice and hearing, the Board determines that existing State advisory committees are not fulfilling the requirements of providing advice to, and assisting the Regional Councils, asprovided in § ________ .12. In suchinstances, § _____ ___ ll(c)(l)(xii)authorizes Regional Councils to provide recommendations to the Board on the establishment and membership of

Federal Advisory Committees. The number of communities represented by each Federal Advisory Committee, if established, would be determined on a case-by-case basis.Other comments addressed the membership of any Federal Advisory Committees, if established. Some people thought members should be selected by residents of the area, and wanted Federal Advisory Committee members to be subsistence users. It was also suggested that local IRA or traditional councils serve as the Federal Advisory Committee or appoint the members, if the Board determines that Federal Advisory Committees are necessary, and that the State advisory committees are inadequate, Federal Advisory Committee members shall be selected in accordance with requirements of these regulations, F A C A  and guidance provided in AN ILCA. It is contemplated that if the Board establishes Federal Advisory Committees, the members of such committees shall be appointed by the Secretaries, but the Secretaries shall select appointees from nominations submitted through the Board by Native and non-Native rural Alaska residents.Several comments addressed the role of the Federal Advisory Committees.Some people urged that the committees be given a more meaningful role. Suggestions ranged from authorizing the committees to propose regulations to allowing the committees to manage local fish and wildlife resources. State Local Advisory Committees, and Federal Advisory Committees should they be established, are authorized and indeed encouraged to submit regulatory proposals, as well as provide any other information that will facilitate the management of fish and wildlife and subsistence uses in their areas. As discussed in the section pertaining to the Board, the Board lacks authority to delegate its subsistence management authority to privatepersons or groups. However, § ________ 10of these regulations requires the Board to consider recommendations submitted through the advisory system regarding the management of fish and wildlife and subsistence uses on public lands.Several people expressed confusion concerning the role of the Advisory Committees. The role of the Advisory Committees is to provide advice to, and assist, the Regional Councils in carrying out their responsibilities. Committees can submit proposals on any matters that concern subsistence management on public lands.One person remarked that subsistence users do not have enough time to participate in the administrative

process. Federal subsistence managers are aware of the unique circumstances hindering rural residents’ participation in decisionmaking. The decisionmaking process is complex, involving many participants and many procedures. Time constraints are a necessity if the Board is to make decisions in a timely manner. It is anticipated that the assistance provided by Federal Regional Coordinators, and further refinement of the regulatory process, will help rural Alaska residents participate fully and effectively in the administrative process.
Section-----  .13 Board/Agency
RelationshipsTwo commentors felt this section suggested that the Secretary of the Interior had abrogated his authority over Federal subsistence management to the Board. Section 814 of AN ILCA vests the Secretaries with the responsibility for implementing Title VIII of AN ILCA. The Secretaries have delegated promulgation and signature authority for regulations of Subparts C  and D to the Board. This delegation does not constitute a delegation of the Secretaries’ final authority over these, or other subparts, of this rule._ One commentor suggested that the regulations should more explicitly define the role of the National Park and Monument Subsistence Resource Commissions in relation to the FSMP. The commentor also questioned whether the Board has the authority to regulate subsistence hunting on National Park and National Monument lands, if the Subpart B regulations do not constitute a delegation of section 808 authority from the Secretary of the Interior to the Board. The Commissions, established pursuant to section 808 of AN ILCA, have a very specific role in regard to seven national parks and national monuments managed by the National Park Service. The role of the Commissions is to devise a subsistence hunting program for the appropriate National Park or Monument. Administrative and technical support for the Commissions is the responsibility of the National Park Service. A  Commission may make subsistence hunting program recommendations regarding issues as diverse as: eligibility criteria for qualifying as local rural resident users of a National Park or Monument, the relationship of visitor service developments to subsistence hunting, or seasons and bag limits in a National Park or Monument. Most of the issues addressed by the commissions are beyond the purview of the Board’s authority regarding rural and customary and traditional eligibility, or seasons
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and bag limits and methods and means. Recommendations of the Commissions will continue to be conveyed directly to the Secretary of the Interior. If approved by the Secretary, such recommendations will be implemented by any one of . several appropriate means.Because the Board sets seasons and bag limits and methods and means provisions for all public lands, including National Park Service lands, it is expected that the Commissions will take an interest in such actions that may affect subsistence hunting in National Parks and Monuments. A s necessary, it is expected that the Commissions will express their recommendations on such actions to the Secretary.Duties granted to the Commissions do not include a delegation of regulatory authority because the Commissions are advisory only. Therefore, the suggestion that section 808 of AN ILCA could prohibit the Board from implementing regulations affecting national parks or monuments is incorrect.A  few commentors felt that this section suggested that the Secretaries had abrogated their authority over FSMP to the Board. Section 814 of AN ILCA places responsibility for the proper implementation of Title VIII of AN ILCA with the Secretaries. To simplify and localize the process for promulgating rural determinations, customary and traditional use determinations, seasons and bag limits, and methods and means provisions, the Secretaries have delegated administrative and signature authority for subparts C  and D to the Board. As with any such internal departmental delegation, the Secretaries remain responsible, as statutorily charged, for the proper administration of the program.One commentor requested that the final rule include a regulation requiring the agencies to determine the effects of habitat management programs and development activities on subsistence resources and uses, and avoid implementing programs that adversely affect subsistence resources and uses. Section 810 of AN ILCA establishes the requirement and process for agencies to consider effects of proposed resource uses on subsistence uses. It is unnecessary to reiterate this process in the final rule.One commentor requested that State and Federal research data shall be made available to the Regional Councils, Advisory Committees, and the Board. In accordance with sectioq 805(b) ofANILCA. § ____ ___ .10(e)(2) of theseregulations requires that appropriate technical assistance be provided to the Regional Councils.

Section________.14 Relationship to State
Procedures and RegulationsA  few comments addressed the Board’s authority over activities off public lands. One commentor said the Board's authority to restrict the taking of fish and wildlife as authorized by the State should apply only to public lands. Other commentors said the regulations should be revised to assert more authority off public lands. Title VIII of AN ILCA only provides authority for the Secretaries to exercise jurisdiction on public lands. Accordingly, these regulations do not address activities off public lands.One commentor wanted a regulation to require a meeting between the Chair of the Board and the State Board of Game. Another commentor suggested adding a statement requiring consultation with the State before any closure of public lands to nonsubsistence hunting or fishing.Section________.14 of this final rule setsthe appropriate tone and level of authority and cooperation for the FSMP. Representatives of the Board and staff committee may meet as needed with State Board and Alaska Department of Fish and Game personnel. In addition, a member of the Federal subsistence staff voluntarily attends all Board of Game and many Board of Fisheries meetings. Federal subsistence managers and staff from Federal agency field stations voluntarily work closely with the Alaska Department of Fish and Game regarding allocations, closures, or restrictions of any type and this cooperative effort is expected to continue.A  provision addressing recertification of State management of subsistence usés on public lands has been added to the final rule.
Section________.15 Rural Determination
ProcessMany people wanted provisions allowing individuals, or groups of individuals, living in non-rural areas to have the opportunity to qualify for a subsistence priority. Sections 801(5), 802(1) and 803 of AN ILCA and these regulations confine the eligibility for engaging in subsistence uses to rural Alaska residents.There were many comments addressing the rural determination process. Some commentors thought that only Ketchikan, Anchorage, Fairbanks, and Juneau, the four communities cited in the legislative history as examples of non-rural communities, should be classified as non-rural, and thus no rural determination process would be necessary. Others felt that rural

determinations should be made by the Regional Councils.Some commentors criticized specific components o f the rural determination process. Several thought that community infrastructure and population size are irrelevant and should not be factors in making rural determinations. Others remarked that the proportion of the cash element of an area's economy was not a valid consideration.Alternative and additional guidelines were suggested. One suggestion was to use a community or area's historical pattern of customary and traditional uses to assess whether its character is rural or non-rural. Another was to recognize that variations among regions make uniform application of the guidelines inappropriate. It was also suggested that the process incorporate consideration of relative abundance of local resources relative to community size.Some people thought the process should explicitly exclude military installations, thereby rendering residents of those installations ineligible for a subsistence priority. Others wanted the FSMP to ensure that, residents of military installations would not be excluded.Rural determinations have been the subject of intensive review the last two years. The process outlined in the final rule provides an equitable and effective way to make rural determinations. In the future the Board will establish a cycle for reviewing rural determinations. The next review will occur following publication of the results of the next decennial census.- However, the Board may reconsider rural determinations outside of the established schedule if special circumstances warrant such action.To mitigate the effect of sudden loss of subsistence uses on those who previously were dependent on them, there will be a five year waiting period before a Board decision to change a community or area’s status from rural to non-rural becomes effective.
Section________.16 Customary and
Traditional Use Determination ProcessSince the inception of the FSMP in July 1990, it has become increasingly apparent that many of the customary and traditional use determinations adopted from the 1989-90 State regulations must be reassessed. The proposed rule listed, and solicited changes to, these customary and traditional use determinations. Although many proposals were received, no changes have been made to these determinations in the final rule at this



22948 Federal Register / Vol. 57, No. 104 / Friday, May 29, 1992 / Rules and Regulationstime. The absence of change results because the process the Board will use for making customary and traditional use determinations does not become effective until July'l, 1992, when this final rule is implemented. Determinations of customary and traditional use of fish and wildlife populations will be made by the Board after the Board reviews recommendations of the Regional Councils. The Board will soon begin reviewing and, where appropriate, revising customary and traditional use determinations. The Board will also make new customary and traditional use determinations. Some determinations are anticipated to change due to the addition of several communities classified as rural. The Board will consider requests received by March 16, 1992, in response to the proposed rule, as well as requests received in appeals brought under the temporary regulations. A  proposed priority list and schedule for customary and traditional use determinations will be published soon.Some of the comments pertaining to the customary and traditional use determinations process stressed the importance of public involvement. The primary concern was that the Board should rely heavily on comments from local subsistence users when it makes customary and traditional use determinations. The Board recognizes that suggestions from rural Alaska residents are valuable sources of information concerning customary and traditional use. Consequently, a high priority task for the Regional Councils, once they are established, will be to provide the Board with information, and recommendations, concerning customary and traditional uses, and their views about them, in their regions. The basic customary and traditional use determination process will not change from region to region; however, regional differences will be considered when implementing the process.Some commentors stated that customary and traditional use determinations on National Park Service lands should be made on the same basis as those for other public lands. Commentors also said that subsistence uses on National Park Service lands should be managed just like all other public lands in Alaska. This is not possible. Section 203 of AN ILCA explicitly directs that subsistence uses in National Monuments and Parks are allowed only where specifically permitted by AN ILCA. In addition, AN ILCA allows those local rural residents with a personal or family

history of subsistence uses within a National Park Service unit to continue to make such use of those areas.Several commentors felt that customary and traditional use determinations should be made on an area basis rather than an individual species or community basis. People also suggested that any species within the area should be considered a subsistence resource. The legislative history of AN ILCA clearly indicates that, with the exception of lands managed by the National Park Service, customary and traditional uses should be evaluated on a community or area basis, rather than an individual basis. It also indicates that the subsistence use of each wildlife population or fish stock must be identified. Consequently, the Federal process for customary and traditional use determinations will consider the customary and traditional use of each wildlife population or fish stock within a given area by the residents of that area. The customary and traditional use determination process followed by the Board will permit evaluation of each community to determine if it exhibits characteristics of a subsistence community.
Section-----— 17 Determining
Priorities for Subsistence Uses Among 
Rural Alaska ResidentsOne commentor said this section should address the Board’s full scope of responsibilities pursuant to section 804 of AN ILCA. The responsibilities in section 804 of AN ILCA are two-fold. The first is to accord subsistence uses by rural Alaska residents a priority over other consumptive uses of fish and wildlife. This responsibility is the driving force behind the FSMP, and all regulations contained in this rule are intended to promote fulfillment of this responsibility. The second responsibility is to allocate among rural Alaska residents, when necessary to protect the continued viability of fish or wildlife populations or to continue subsistence uses of specific populations. Section--------- 17 of these regulationsestablishes the regulatory structure for allocating priorities for subsistence uses among rural Alaska residents.Several commentors remarked that consideration of "store-bought food” and proximity to grocery stores should not be considered "alternative resources” for the purposes of determining how to allocate among qualified rural Alaska residents. These comments will be considered as the process for allocating among rural' Alaska residents is refined.Several commentors suggested that the regulations should be revised to

strengthen the Board's obligation to solicit advice from Federal Advisory Committees, if established, and heed recommendations from Regional Councils. As discussed in the narratives pertaining to the sections on the Board and Regional Councils, these regulations are designed to satisfy Title VIII of ANILCA, including Board responsibilities relative to public involvement. Recommendations from Regional Councils regarding the allocation of subsistence uses among rural Alaska residents, under§ ---------10, will be accepted andconsidered by the Board.
Section________ ,18 Regulation Adoption
ProcessThere were numerous comments pertaining to various aspects of the regulation adoption process. One of the most frequently made suggestions was that thirty days was too short a period for public review of proposals submitted to the Board. The regulations do not limit the review period to thirty (30) days. Rather, the regulations establish thirty (30) days as the minimum time period to be allotted for public review. Longer public review periods are permissible and will be provided when appropriate. The regulations have been revised to reflect this intent. A  thirty day minimum time period was selected because it gives the Board the option of establishing a quarterly or semiannual schedule to adopt proposals. If the Board chooses to consider proposals on a quarterly or semiannual basis, a longer review period would riot be feasible.The regulatory process has many phases, each requiring valuable time. In order to make decisions in a timely fashion and at the same time fulfill these requirements, each phase of the decisionmaking process is often shorter than what would otherwise be desirable. Additionally, Federal managers are aware that rural Alaska residents in particular are especially susceptible to the consequences of short time frames. It is the intent of the FSMP to afford the public an adequate opportunity to-review proposals. Language requiring the proposals to be made available for public comment has been added to the regulation.Several people suggested that the Board stagger its consideration of proposals by species so that only certain species and certain groups of regulations would be considered at each Board meeting. While there presently is no need to adopt this strategy, the Board may consider such an approach in the future if the workload warrants it.
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Some commentors wanted the regulations to allow proposals to be accepted by the Board all year long. Proposals on Subparts C and D may be submitted to the Board at any time of the year. However, unless there is a. need to address a proposal immediately, proposals shall be routed through the established regulatory review cycle. The Regional Councils may develop proposals, and will review and evaluate proposals from other sources. Recommendations from Regional Councils shall be forwarded to the Board for action. Proposals from individuals, Federal or State agencies, or other groups shall be available to the Regional Councils for review and evaluation prior to action by the Board. The regulatory review cycle ensures that review and consideration of proposals is conducted in an efficient and thorough manner, with adequate review by agencies and the public. It is important that proposals go through this process unless other, more important concerns, such as protecting the health of the subject wildlife population or fish stock, have surfaced.The list of customary and traditional use determinations has been moved to subpart C. This means that customary and traditional use determinations will not be reviewed on the same schedule as the seasons, bag limits, methods and means contained in subpart D. As described in the narrative regarding customary and traditionaldeterminations (§ ________ Î6), proposalsfor changes to customary and traditional use determinations shall be addressed by the Board on a schedule that is different from the subpart D regulatory cycle. This schedule will be published.
Section _____ -^19 Closures and Other
Special ActionsSeveral people requested assurance that the State of Alaska would be consulted in the event of a temporary closure. Consistent with section 816 of ANILCA, § , ..— .19(b) of these regulations has been revised to reflect that the Board consult with the State prior to any temporary closure of public lands to the subsistence use of a particular fish or wildlife population.There were also suggestions to limit the Board’s authority to close public lands only for reasons of public safety or to assure the continued viability of a particular fish or wildlife population. ANILCA identifies reasons for which closures of public lands may be made. These reasons include; (l)T o  assure the continued viability of a particular fish or wildlife population; (2) public safety; and (3) administration. Therefore, these regulations also include administration

as a reason for closing public lands to subsistence uses.People suggested the regulations require individual agencies to notify the Board when they take action relating to subsistence uses. Effective lines of communication among agencies are well-established at all levels of the FSMP. Thus far there has arisen no need to establish a regulation directing agencies to formally notify the Board of their actions.There were also suggestions to limit the Board’s authority to close public lands only for reasons of public safety or to assure the continued viability of a particular fish or wildlife population. In an emergency situation, these regulations authorize the Board to direct an immediate closure for two reasons:(1) To assure the continued viability of a fish or wildlife population; or (2) for reasons of public safety. These regulations further identify three reasons for which the Board may direct temporary closures of subsistence uses on public lands: (1) To assure the continued viability of a particular fish or wildlife population; (2) for public safety; or (3) for reasons of administration. These regulations also provide that the Board may close public lands to nonsubsistence uses when necessary to continue subsistence uses of fish and wildlife on public lands or when necessary for public safety, administration or to assure the continued viability of a particular fish or wildlife population.People also wanted assurance that proposals dealing with emergency situations in which the health of fish or wildlife populations was in danger would be dealt with expeditiously. In carrying out their responsibility ior conservation of healthy populations of fish and wildlife, the Board will assure that populations are not jeopardized.In addition to revisions made in response to public comments, other modifications have been made to clarify the Board’s closure and opening authorities. Consistent with section 815(3) of ANILCA, the regulations now specifically address the Board’s authority to restrict non-subsistence uses on public lands, The regulations also clarify the Board’s authority and responsibilities with regard to closures in emergency situations and in nonemergency situations. A  new provision describes the Board’s authority and responsibilities relative to opening or adjusting seasons, and increasing bag limits outside of the established regulatory cycle.

Section________.20 Requests for
ReconsiderationSeveral commentors opposed the proposed deletion of the provision authorizing the Board to stay itsdecisions. Section________ .20 providesthe Board with sufficient mechanisms to act quickly, thereby eliminating the need for any stay provisions.One commentor requested that the provision requiring information about how the requestor is adversely affected by the action be revised to require information about how the requestor or the subsistence resource or both are adversely affected by the action. The intent of this regulation is to provide people who are adversely affected by Board decisions with a mechanism for appealing that decision. If the health of a fish or wildlife population is threatened, the regulations in§ ________ 19 provide the mechanism fortaking the appropriate actions.Many comments suggested ways of reducing the burden on those individuals submitting requests for reconsideration. Some addressed the proposed forty-five day time limit for submitting requests for reconsideration. Several commentors requested that the time limit be extended, or deleted completely, because it was unfair to rural residents who often do not receive timely notice of Board decisions, and consequently do not have sufficient time to prepare the paperwork necessary for a request for reconsideration. The time limit to submit requests for reconsideration has accordingly been extended to sixty days.One commentor suggested that petitioners only be required to submit a notice of grievance and a means of contacting the petitioner. Another commentor suggested that petitioners need to be reimbursed. Federal managers are aware of the unique circumstances that create obstacles to rural residents who would like to have the Board reconsider certain decisions. The Board will take into consideration these unique circumstances when considering requests for reconsideration. However, in order to make sound decisions, the Board needs the information that is outlined in the rule. Consequently, the final rule retains these information requirements. Additionally, there is no current legal authority for the Federal government to reimburse petitioners for their expenses.One commentor also said the Board should be required to acknowledge that it has received a request for reconsideration, and request any additional information necessary, within



22950 Federal Register / Vol. 57, No. 104 / Friday, May 29, 1992 / Rules and Regulations10 days of receipt of the request. The Board intends to acknowledge receipt of every request for reconsideration, and will request additional information as soon as possible following receipt of the request.One commentor requested that the rule be amended to require the Board to accept and consider Regional Council recommendations on requests forreconsideration. Section______ _20(e)provides for this request.One commentor identified a need to have an appeals process for situations where the allocation between State and Federal harvests is unfair to subsistenceusers. Section---------.19 of this final ruleallows for the Board to make decisions outside of its decisionmaking cycle to accommodate situations in which there is a need for subsistence harvest. A  provision allowing this to be accomplished with a request for reconsideration is not necessary.In addition to the procedures described in this section, any person may petition for the issuance, amendment or repeal of a subpart A  or B regulation under the provisions of 43 CFR part 14 and the Administrative Procedures Act. Petitions must identify the regulation being appealed or provide the text of a proposed rule, and include reasons in support of the petition. The petition must be addressed to the Secretary of the Interior, U.S.Department of the Interior, Washington, DC 20240.One comment maintained that despite the existence of the request for reconsideration provision in the final rule, the regulatory language must provide procedures for the administrative resolution of subsistence- related disputes. To resolve dispute» informally and without litigation, the FSMP affords subsistence users, and others, direct access to the Board through the request for reconsideration provision.
Section_______ ,21 [Reserved]
Section_______ .22 Subsistence
Resource RegionsSeveral comments were received relating primarily to Regional Council boundaries or configurations. After considering these comments, the Secretaries’ decision in the ROD, and factors such as common cultural practices, similar resource use, distinct wildlife populations, recognizable regional boundaries, the need for local * involvement, and cost effectiveness, the Board has established 10 Federal Subsistence Resource Regions as shownin the revised § ________22 of this finalrule.

Finally, one commentor wanted to know what is meant by the sentence following subpart C, Customary and Traditional Use Determinations, under the heading ‘Title 36-Parks, Forests and Public Property” . The sentence reads "Part 242 of title 36 is proposed to be revised as set forth at the end of the common rule.” This sentence is necessary for codification of regulations in the Code of Federal Regulations. It does not affect the content or implementation of Federal subsistence regulations.
Subpart DThis subpart will contain sections on definitions, prohibitions, methods and means, individual species seasons and bag limits, and fish and shellfish. It is not included in this rulemaking as it is being promulgated under a separate rulemaking process; however, it will be issued concurrently with subparts A , B and C  as a final rule. Subparts A , B, C, and D will be codified in 36 CFR part 242 and 50 CFR part 100.
Conformance With Statutory and 
Regulatory Authorities National 
Environmental Policy Act Compliance 
Environmental Impact StatementA  draft Environmental Impact Statement (EIS) that described four alternatives for developing a Federal Subsistence Management Program in Alaska was distributed for public comment on October 7,1991. That document described the major issues associated with Federal subsistence management as identified through public meetings, written comments and staff analysis and examined the environmental consequences of the four alternatives. Proposed regulations (subparts A , B, and C) that would implement the preferred alternative were included in the draft EIS as an appendix. They were subsequently published as a proposed rule in the 
Federal Register on January 30,1992.
T h e final E IS  w as published on February28,1992.

B ased  on the public com m ent 
received, the analysis contained in the 
final E IS , and the recom m endations o f  
the Board and the Departm ent o f the 
Interior’s Subsistence Policy Group, it is 
the decision o f the Secretary o f  the 
Interior, w ith the concurrence o f the 
Secretary o f Agriculture, acting through 
the Forest Service, to implement 
A lternative I V  as identified in the final 

, E IS  w ith tw o m odifications. The first 
m odification is to increase the number 
o f regions and Regional Co un cils from  
eight, as sh ow n  in the proposed action  
in the draft E IS , to ten. The second  
m odification pertains to the rural

determination process. The change consists of including a five year waiting period for implementation of Board decisions to change community or area status from rural to non-rural. These regulations, after consideration of all timely public comments, implement the decision as documented in die ROD on Subsistence Management for Federal public lands in Alaska that was signed April 6,1992.Compliance with Section 810 of AN ILCAThe intent o f all Federal subsistence regulations is to provide opportunities for subsistence uses subject to the limitation of protecting healthy fish and wildlife populations. The section 810 analysis was completed as part of the final EIS process. The final section 810 analysis determination appears in the April 6,1992 ROD. The section 810 evaluation concludes that the FSMP under alternative IV would have some local impacts on subsistence uses, but would not constitute a significant restriction of subsistence uses under the "may significantly restrict” standard.Paperwork Reduction ActThese rules contain information collection requirements subject to Office of Management and Budget (OMB) approval under 44 U .S.C. 3501-3520. They apply to the use of public lands by rural Alaska residents for subsistence uses. The information collection requirements described above are approved by the OMB under 44 U.S.C. 3501 and have been assigned clearance number 1018-0075.Economic Effects iExecutive Order 12291, "Federal Regulation,” of February 19,1981, requires the preparation of regulatory impact analysis for major rules. A  major rule is one likely to result in an annual effect on the economy of $100 million or more; a major increase in costs or prices for consumers, individual industries, government agencies or geographic regions; or significant adverse effects on the ability of United States-based enterprises to compete with foreign- based enterprises. The Regulatory Flexibility Act (5 U .S.C. 601-612) requires preparation of flexibility analyses for rules that will have a significant effect on a substantial number of small entities, which include small businesses, organizations or governmental jurisdictions.
The Departm ents o f the Interior and  

Agriculture h ave determined that this 
rulemaking is not a “m ajor rule”  within  
the m eaning o f Executive Order 12291,
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and certify that it will not have a significant economic effect on a substantial number of small entities within the meaning of the Regulatory Flexibility Act.This rulemaking will impose no significant costs on small entities; the exact number of businesses and the amount of trade that will result from this Federal land-related activity is unknown. The aggregate effect is an insignificant positive economic effect 6n a number of small entities. The number of small entities affected is unknown, but the fact that the positive effects will be seasonal in nature and will, in most cases, merely continue pre-existing uses of public lands indicates that they will not be significant.These regulations do not meet the threshold criteria of “Federalism Effects” as set forth in Executive Order 12612. Title VIII of AN ILCA requires the Secretaries to administer a subsistence preference on public lands. The scope of this program is limited by definition to public lands in Alaska. Likewise, these regulations have no significant takings implication relating to any property rights as outlined by Executive Order 12630.
Drafting InformationThis regulation was drafted under the guidance of Richard S. Pospahala, of the Office of Subsistence Management, Alaska Regional Office, U.S. Fish and Wildlife Service, Anchorage, Alaska. Additional guidance was provided by John Borbridge, Bureau of Indian Affairs; Thomas H. Boyd, Bureau of Land Management; Bob Gerhard, National Park Service; Norman R. Howse, U SDA Forest Service. The primary author was Susan K. Detwiler. Contributors were Peggy Fox, Sharon Fleek, Cheryl Cline, Bill Knauer, and Ron Thuma, U.S. Fish and Wildlife Service; John Hiscock, National Park Service; and Ken Thompson, U SDA Forest Service.
List of Subjects
36 CFR Part 242Administrative practice and procedure, Alaska, Fish, Public lands, Reporting and record keeping requirements, Subsistence, Wildlife.
50 CFR Part 100Administrative practice and procedure, Alaska, Fish, Public lands, Reporting and record keeping requirements, Subsistence, Wildlife.
Words of IssuanceFor the reasons set out in the preamble, subpaits A , B, and C  of part 242, title 36, and part 100, title 50 of the

Code of Federal Regulations, are revised 
as set forth below. The text of each 
subpart is identical.

P A R T______— SUBSISTENCE
MANAGEMENT REGULATIONS FOR 
PUBLIC LANDS IN ALASKA

Subpart A— General Provisions
Sec.
________ .1 Purpose.

.2 Authority.

.3 Applicability and scope.
_________4 Definitions.

.5 Eligibility for subsistence use.

.6 Licenses, permits, harvest tickets,
tags and reports.-7 Restriction on use.

.8 Penalties.

.9 Information collection
requirements.

Subpart B—Program Structure
.10 Federal Subsistence Board.
.11 Regional advisory councils.
.12 Local advisory committees. 

Board/agency relationships..13
_________14 Relationship to State procedures

and regulations.
.15 Rural determination process.
.16 Customary and traditional use

determination process.
-17 Determining priorities for 

subsistence uses among rural Alaska 
residents.

_______18 Regulation adoption process.
______ .19 Closures and other specialactions.
_________20 Request for reconsideration._______ .21 [Reserved].
Subpart C— Board Determinations
_________22 Subsistence resource regions.
______ .23 Rural determinations.
______ .24 Customary and traditional use

determinations.

Subpart A— General Provisions

§ _______.1 Purpose.
The regulations in this part im plement 

the Federal Subsistence M anagem ent 
Program on public lands w ithin the State  
o f A la sk a .

§ ______ .2 Authority.
These regulations are issued pursuant 

to authority designated above, and  
sp ecifically the authority vested in the 
Secretary o f the Interior and Secretary  
o f Agriculture specified in section 814 o f  
the A la s k a  N atio n al Interest Lands  
C onservation A c t  ( A N IL C A )  16 U .S .C .  3124 (1980).
§ _____ .3 Applicability and scope.

(a) The regulations o f this part 
im plem ent the provisions o f Title V III o f  
A N I L C A  relevant to the taking o f fish  
and w ildlife on public lands in the State  
o f A la sk a . The regulations o f this part 
do not permit subsistence uses in 
G la cie r  B a y  N atio n al Park, K enai Fjords

National Park, Katmai National Park, and that portion of Denali National Park established as Mt. McKinley National Park prior to passage of AN ILCA, where subsistence taking and uses are prohibited. These regulations do not supersede agency specific regulations.(b) The regulations contained in subpart D apply on all public lands including all non-navigable waters located on these lands. However, the regulations contained in subpart D do not authorize any subsistence uses in those National Parks listed in§ ________.3(a). In the following areas, the
regulations in subpart D apply on all 
Federal public lands including all waters 
located on these lands:(1) The area beginning at a point on the boundary between the United States and Canada, on the divide between the north and south forks of the Firth River, approximate latitude 68°52' N., longitude 141°00' W., thence westerly along this divide and the periphery of the watershed northward to the Arctic Ocean, along the crest of portions of the Brooks Range and the DeLong Mountains, to Cape Lisbume;(2) The area north of 61° north latitude, south of 61°21' north latitude, west of 163°40' longitude and east of the Bering Sea shoreline including Hazen Bay;(3) Nunivak Island and waters of the Bering Sea within one mile of its shorelines;(4) The area west of the eastern most tip of Unimak Island to the terminus of the Aleutian Islands, except the area between Akutan Pass and Samalga Island;(5) Simeonof Island and all waters of the Pacific Ocean within one-mile of Simeonof Island; '

(6) the Semidi Islands and all waters 
of the Pacific Ocean within one mile of 
each of the Semidi Islands;(7) Kodiak National Wildlife Refuge;,(8) Waters of the Pacific Ocean enclosed by the boundaries of Womans Bay, Gibson Cove, and an area defined by a line one-half mile on either side of the mouth of Karluk River, and extending seaward 3,000 feet;(9) All waters of the Pacific Ocean within 1,500 feet seaward of the shoreline of Afognak Island;(10) Kenai National Wildlife Refuge;(11) Glacier Bay National Preserve.

(c) The public lands described in§  ______ .3(b) (1)—(11) remain subject tochange through rulemaking pending a Department of the Interior review of title and jurisdictional issues regarding certain submerged lands beneath navigable waters in Alaska.
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§ ----------- .4 Definitions.The following definitions apply to all regulations contained in this part 
Agency means a subunit of a cabinet level Department of the Federal government having land management authority over the public lands including, but not limited to, the U.S.Fish & Wildlife Service, Bureau of Indian Affairs, Bureau of Land Management, National Park Service, and U SDA Forest Service.
ANILCA  means the Alaska National Interest Lands Conservation A c t  Public Law 96-487, 94 Stat. 2371 (December 2, 1980) (codified, as amended, in scattered sections of 16 U .S.C. and 43 U.S.C.)
Barter means the exchange of fish or wildlife or their parts taken for subsistence uses; for other fish, wildlife or their parts; or, for other food or for nonedible items other than money, if the exchange is of a limited and noncommercial nature.
Board means the Federal SubsistenceBoard as described in § ________ 10 ofthis part.
Commissions means the Subsistence Resource Commissions established pursuant to section 808 of AN ILCA.
Conservation o f healthy populations 

of fish  and wildlife means the maintenance of fish and wildlife resources and their habitats in a condition that assures stable and continuing natural populations and species mix of plants and animals in relation to their ecosystem, including the recognition that local rural residents engaged in subsistence uses may be a natural part of that ecosystem; minimizes the likelihood of irreversible or long-term adverse effects upon such populations and species; ensures the maximum practicable diversity of options for the future; and recognizes that the policies and legal authorities of the managing agencies will determine the nature and degree of management programs affecting ecological relationships, population dynamics, and the manipulation of the components of the ecosystem.
Customary and traditional use means a long-established, consistent pattern of use, incorporating beliefs and customs which have been transmitted from generation to generation. This use plays an important role in the economy of the community.
Customary trade means cash sale of fish and wildlife resources regulated herein, not otherwise prohibited by State or Federal law or regulation, to _  support personal and family needs; and does not include trade which constitutes a significant commercial enterprise.
FACA  means the Federal Advisory Committee Act, Public Law 92-463,86

Stat. 770 (October 8,1972) (codified as amended, at 5 U .S.C . appendix 111-15).
Federal Advisory Committees or 

Federal Advisory Committee means the Federal Local Advisory Committees asdescribed in § ________ 12.
Family means all persons related by blood, marriage or adoption, or any person living within the household on a permanent basis.
Federal lands means lands and waters and interests therein the title to which is in the United States.
Fish and wildlife means any member of the animal kingdom, including without limitation any mammal, fish, bird (including any migratory, nonmigratory or endangered bird for which protection is also afforded by treaty or other international agreement), amphibian, reptile, mollusk, crustacean, arthropod, or other invertebrate, and includes any part, product, egg, or offspring thereof, or the carcass or part thereof.
Game Management Unit or GM U  means one of the 26 geographical areas listed under game management units in the codified hunting and trapping regulations and the Game Unit Maps of Alaska.
Person means an individual and does not include a corporation, company, partnership, firm, association, organization, business, trust or society.
Public lands or public land means lands situated in Alaska which are Federal lands, except—(1) land selections of the State of Alaska which have been tentatively approved or validly selected under the Alaska Statehood Act and lands which have been confirmed to, validly selected by, or granted to the Territory of Alaska or the State under any other provision of Federal law;(2) land selections of a Native Corporation made under the Alaska Native Claims Settlement Act which have not been conveyed to a Native Corporation, unless any such selection is determined to be invalid or is relinquished; and(3) lands referred to in section 19(b) of the Alaska Native Claims Settlement A c t
Regional Councils or Regional 

Council means the Regional AdvisoryCouncils as described in § ________ 11.
Regulatory year means July 1 through June 30.
Resident means any person who has his or her primary, permanent home within Alaska and whenever absent from this primary, permanent home, has the intention of returning to it. Factors demonstrating the location of a person’s primary, permanent home may include, but are not limited to: The address listed

on an Alaska license to drive, hunt, fish, or engage in an activity regulated by a government entity; affidavit of person or persons who know the individual; voter registration; location of residences owned, rented or leased; location of stored household goods; residence of spouse, minor children or dependents; tax documents; or whether the person claims residence in another location for any purpose.
Rural means any community or area of Alaska determined by the Board to qualify as such under the process described in 5 .15 of this Part.
Secretary means the Secretary of the Interior, except that in reference to matters related to any unit of the National Forest System, such term means the Secretary of Agriculture.
State means the State of Alaska.
Subsistence uses means the customary and traditional uses by rural Alaska residents of wild, renewable resources for direct personal or family consumption as food shelter, fuel, clothing, tools, or transportation; for the making and selling of handicraft articles out of nonedible byproducts of fish and wildlife resources taken for personal or family consumption; for barter, or sharing for personal or family consumption; and for customary trade.
Take or taking as used with respect to fish or wildlife, means to pursue, hunt, shoot, trap, net capture, collect kilt harm,,or attempt to engage in any such conduct.
Year means calendar year unless another year is specified.

§ — — >5 Eligibility for subsistence use.(a) The taking of fish and wildlife onpublic lands for subsistence uses is restricted to Alaskans who are residents of rural areas or communities. Other individuals, including Alaskans who are residents of non-rural areas or communities listed in § .23, areprohibited from taking fish and wildlife on public lands for subsistence uses under these regulations.(b) Where the Board has made a customary and traditional use determination regarding subsistence use of a specific fish stock or wildlife population, in accordance with, and aslisted in, § ________ 24, only thoseAlaskans who are residents of rural areas or communities so designated are eligible for subsistence taking of that population, on public lands for subsistence uses, under these regulations. A ll other individuals are prohibited from taking fish or wildlife from that population under these regulations.
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(c) Where customary and traditional use determinations for a fish stock or wildlife population within a specific area have not yet been made by the Board (e.g. “no determination”), all Alaskans who are residents of rural areas or communities are eligible to participate in subsistence taking of that stock or population under these regulations.(d) This section does not limit the authority of the National Park Service to regulate further the eligibility of those individuals qualified to engage in subsistence uses on National Park Service lands in accordance with specific authority in AN1LCA, and National Park Service regulations at 36 CFR part 13.
§ ______ .6 Licenses, permits, harvest
tickets, tags, and reports.(a) To take fish and wildlife on public lands for subsistence uses, subsistence users must possess and comply with the provisions of any pertinent permits, harvest tickets, or tags required by the State, or Federal permits, harvest tickets, or tags as required by the Board; and must possess the pertinent valid State hunting, fishing, and trapping licenses unless Federal licenses are required or unless otherwise provided for in these regulations.(b) To make a fraudulent application for Federal or State licenses, permits, harvest tickets or tags is prohibited.(c) Harvest tickets, tags, permits, or other required documents must be validated before removing the kill from the harvest site.(d) Persons engaged in taking fish and wildlife under these regulations must comply with all reporting provisions which the Board may require.(e) Licenses, permits, harvest tickets, tags or other documents required by this section must be produced by individuals upon the request of a State or Federal law enforcement agent. Persons engaged in taking fish and wildlife under these regulations must allow State or Federal law enforcement agents to inspect any apparatus designed to be used, or capable of being used to take fish or wildlife, or any fish or wildlife in possession.(f) The Board may implement harvest reporting systems or permit systems where:(1) The fish and wildlife is taken by an individual who is required to obtain and possess pertinent State harvest permits, tickets, or tags, or Federal permits, harvest tickets, or tags;(2) A  qualified subsistence user may designate another qualified subsistence user to take fish and wildlife on his or her behalf; or

. (3) The fish and wildlife is taken by individuals or community representatives permitted a one-time or annual harvest for special purposes including ceremonies and potlatches;(4) The fish and wildlife is taken by representatives of a community permitted to do so in a manner coiisistent with the community’s customary and traditional practices.(g) When the taking of fish andwildlife is in accordance with § _____ _ 6 ,the permittee must comply with all of the reporting requirements of the permit. Individuals designated on a permit to take fish and wildlife are required to have that permit in their possession during the taking and to comply with all requirements of the permit, regulationsin Subpart A  § ;_______ .6 pertaining tovalidation and reporting, and to regulations in Subpart D pertaining to methods and means, possession and transportation, and utilization.(h) When a community takes fish andwildlife in accordance with § _______ .6(f)(3) and (4), the harvest activity must be reported in accordance with regulations specified for that community in subpart D, and as required by any applicable permit conditions. Individuals may be responsible for particular reporting requirements in the conditions permitting a specific community’s harvest. Failure to comply with these conditions is a violation of these regulations. Community harvests are reviewed annually under subpart D regulations.
§ ______.7 Restriction on use.(a) When fish and wildlife are taken pursuant to these regulations, trade of the fish and wildlife, other than for customary trade or barter, is prohibited.(b) When fish and wildlife are taken pursuant to these regulations, use or > trade of the fish and wildlife which constitutes a significant commercial enterprise is prohibited.
§ ______.8 Penalties.A  person convicted of violating any provision of 50 CFR part 100 or 36 CFR part 242 may be punished by a fine or by imprisonment in accordance with the penalty provisions applicable to the public land where the violation occurred.
§ ______.9 Information collection
requirements.(a) These rules contain information collection requirements subject to Office of Management and Budget (OMB) approval under 44 U .S.C . 3501-3520. Tliey apply to subsistence uses on public lands in Alaska.

(1) Section________ .20, Request forreconsideration. The information collection requirements contained in this section provide a standardized process to allow individuals the opportunity to appeal decisions of the Board. Submission of a request for reconsideration is voluntary but required to receive a final determination by the Board. The Department of the Interior estimates that a request for reconsideration will take 4 hours to prepare and submit.(2) Section _ 6 ,  Licenses, permits, harvest tickets, tags, and reports. The information collection requirements contained in this section provide for permit-specific subsistence activities not authorized through the general adoption of State regulations. These regulations require this information before a rural Alaska resident may engage in subsistence uses on public lands. The Department estimates that the average time necessary to obtain and comply with this permit information collection requirement is 15 minutes.(3) The remaining information collection requirements contained in this part imposed upon subsistence uses are those adopted from State regulations. The information collection requirements must be satisfied before rural Alaska residents may engage in subsistence uses on public lands. The Department estimates that the average burden imposed upon individuals will be 8 minutes.(b) Direct comments on the burden estimate or any other aspect of the burden estimate to: Information Collection Officer, U .S. Fish and Wildlife Service, 1849 C Street N W ., MS 224 ARLSQ, Washington, DC 20240; and the Office of Management and Budget, Paperwork Reduction Project (1018- 0075), Washington, D C 20503. Additionally, information requirements will be imposed when the Regional Councils, subject to the Federal Advisory Committee Act (FACA), are established under Subpart B. Such requirements will be submitted to OMB for approval prior to their implementation.
Subpart B— Program Structure

§ ______10 Federal Subsistence Board.(a) The Secretary of the Interior and Secretary of Agriculture hereby establish, and delegate responsibility for, administering the subsistence taking and uses of fish and wildlife on public lands, and the related promulgation and signature authority for regulations of Subparts C  and D, contained herein, to the Board.



22954 Federal Register / VoL 57, No. 104 / Friday, M ay 29, 1992 / Rules and Regulations(b) Membership.(1) The voting membership of the Board shall consist of a Chair to be appointed by the Secretary of the Interior with the concurrence of the Secretary of Agriculture; the Alaska Regional Director, U.S. Fish and Wildlife Service; Alaska Regional Director, National Park Service; Alaska Regional Forester, U SDA Forest Service; the Alaska State Director, Bureau of Land Management; and the Alaska Area Director, Bureau of Indian Affairs. Each member of the Board may appoint a designee.(2) [Reserved ](c) Liaisons to the Board shall consist of a State liaison, and the Chairpersons of each Regional Council. The State liaison and the Chairpersons of each Regional Council may attend public sessions of all Board meetings and be actively involved as consultants to the Board.(d) Powers and Duties.(1) Meetings shall occur at least twide per year and at such other times as deemed necessary by the Board. Meetings shall occur at the call of the Chair, but any member may request a meeting.(2) A  quorum shall consist of four members.(3) No action may be taken unless a majority of voting members are in agreement.(4) The Board is empowered, to the extent necessary, to implement Title VIII of AN ILCA, to:(i) Promulgate regulations for the management of subsistence taking and uses of fish and wildlife on public lands;(ii) Determine which communities or areas of the State are rural or non-rural;(iii) Determine which rural Alaska areas or communities have customary and traditional subsistence uses of specific fish and wildlife populations;(iv) Allocate subsistence uses of fish and wildlife populations on public lands;(v) Ensure that the taking on public lands of fish and wildlife for nonwasteful subsistence uses shall be accorded priority over the taking on such lands of fish and wildlife for other purposes;(vi) Close public lands to the nonsubsistence taking of fish and wildlife;(vii) Establish priorities for the subsistence taking of fish and wildlife on public lands among rural Alaska residents;(viii) Restrict or eliminate taking-of fish and wildlife oh public lands;(ix) Determine what types and forms of trade of fish and wildlife taken for subsistence uses constitute allowable customary trade;

(x) Authorize the Regional Councils to convene;(xi) Establish a Regional Council in each subsistence resource region and recommend to the Secretaries, appointees to the Regional Councils, pursuant to the FACA;(xii) Establish Federal Advisory Committees within the subsistence resource regions, if necessary and recommend to the Secretaries that members of the Federal Advisory Committees be appointed from the group of individuals nominated by rural Alaska residents;(xiii) Establish rules and procedures for the operation of the Board, and the Regional Councils;(xiv) Review and respond to proposals for regulations, management plans, policies, and other matters related to subsistence taking and uses of fish and wildlife;(xv) Enter into cooperative agreements or otherwise cooperate with Federal agencies, the State, Native corporations, local governmental entities, and other persons and organizations, including international entities to effectuate the purposes and policies of the Federal subsistence management program;(xvi) Develop alternative permitting processes relating to the subsistence taking of fish and wildlife to ensure continued opportunities for subsistence; and(xvii) Take other actions authorized by the Secretaries to implement Title VIII of AN ILCA.(5) The Board shall establish a Staff Committee composed of a member from the U.S. Fish and Wildlife Service, National Park Service, U.S. Bureau of Land Management, Bureau of Indian Affairs, and U SDA Forest Service for analytical and administrative assistance. The U.S. Fish and Wildlife Service representative shall serve as Chair of the Staff Committee.(6) The Board may establish and dissolve additional committees as necessary for assistance.(7) The U.S. Fish and Wildlife Service shall provide appropriate administrative support for the Board.(8) The Board shall authorize at least two meetings per year for each Regional Council.[e] Relationship to Regional Councils.(1) The Board shall consider the reports and recommendations of the Regional Councils concerning the taking of fish and wildlife on public lands within their respective regions for subsistence uses. The Board may choose not to follow any Regional Council recommendation which it determines is not supported by substantial evidence,

violates recognized principles of fish and wildlife conservation, would be detrimental to the satisfaction of subsistence needs, or in closure situations, for reasons of public safety or administration or to assure the continued viability of a particular fish or wildlife population. If a recommendation is not adopted, the Board shall set forth the factual basis and the reasons for the decision, in writing, in a timely fashion.(2) The Board shall provide available and appropriate technical assistance to the Regional Councils.
§ — ■ t1 Regional advisory councils.(a) The Board shall establish a Regional Council for each subsistence resource region to participate in the Federal subsistence management program. The Regional Councils shall be established, and conduct their activities, in accordance with the F A CA . The Regional Councils shall provide a regional forum for the collection and expression of opinions and recommendations on matters related to subsistence taking and uses of fish and wildlife resources on public lands. The Regional Councils shall provide for public participation in the Federal regulatory process.(b) Establishment of Regional Councils—membership.(1) The number of members for each Regional Council shall be established by the Board, and shall be an odd number.A  Regional Council member must be a resident of the region in which he or she is appointed and be knowledgeable about the region and subsistence uses of the public lands therein. H ie Board shall accept nominations and recommend to the Secretaries that representatives on the Regional Councils be appointed from those nominated by subsistence users. Appointments to the Regional Councils shall be made by die Secretaries.(2) Regional Council members shall serve 3 year terms and may be reappointed. Initial members shall be appointed with staggered terms up to three years.(3) The Chair of each Regional Council shall be elected by the applicable Regional Council, from its membership, for a one year term and may be reelected.(c) Powers and Duties.(1) The Regional Councils are authorized to:(i) Hold public meetings related to subsistence uses of fish and wildlife within their respective regions, after die Chair of the Board or the designated Federal Coordinator has called the meeting and approved the meeting agenda;



Federal Register / Vol. 57, No. 104 / Friday, May 29, 1992 / Rules and Regulations 22955(ii) Elect officers;(iii) Review, evaluate, and make recommendations to the Board on proposals for regulations, policies, management plans, and other matters relating to the subsistence take of fish and wildlife under these regulations within the region;(iv) Provide a forum for the expression of opinions and recommendations by persons interested in any matter related to the subsistence uses of fish and wildlife within the region;(v) Encourage local and regional participation, pursuant to the provisions of these regulations in the decisionmaking process affecting the taking of fish and wildlife on the public lands within the region for subsistence uses;(vi) Prepare and submit to the Board an annual report containing—(A) An identification of current and anticipated subsistence uses of fish and wildlife populations within the region,(B) An evaluation of current and anticipated subsistence needs for fish and wildlife populations from the public lands within the region,(C) A  recommended strategy for the management of fish and wildlife populations within the region to accommodate such subsistence uses and needs related to the public lands, and(D) Recommendations concerning policies, standards, guidelines, and regulations to implement the strategy;(vii) Appoint members to each Subsistence Resource Commission (Commission) within their region in accordance with the requirements of section 808 of ANILCA;(viii) Make recommendations on determinations of customary and traditional use of subsistence resources;(ix) Make recommendations on determinations of rural status;(x) Make recommendations regarding the allocation of subsistence uses among rural Alaska residents pursuant to >§ ________,17 of these regulations;(xi) Develop proposals pertaining to the subsistence taking and use of fish and wildlife under these regulations, and review and evaluate such proposals submitted by other sources;(xii) Provide recommendations on the establishment and membership of Federal Advisory Committees.(2) The Regional Councils shall:(i) Operate in conformance with the provisions of FA C A  and comply with rules of operation established by the Board;(ii) Perform other duties specified by the Board.

§ ______ .12 Local advisory committees.(a) The Board shall establish such Federal Advisory Committees within each region as necessary at such time that it is determined, after notice and hearing and consultation with the State, that the existing State fish and game advisory committees do not adequately provide advice to, and assist, the particular Regional Council in carrying out its function as set forth in§ _______.11 of these regulations.(b) Federal Advisory Committees, if established by the Board, shall operate in conformance with the provisions of the F A CA , and comply with rules of operation established by the Board.
§ ______ _ 13 Board/agency relationships.(a) General.(1) The Board, in making decisions or recommendations, shall consider and ensure compliance with specific statutory requirements regarding the management of resources on public lands, recognizing that the management policies applicable to some public lands may entail methods of resource and habitat management and protection different from methods appropriate for other public lands.(2) The Board shall promulgate regulations for subsistence taking of fish and wildlife on public lands. The Board is the final administrative authority on the promulgation of subparts C  and D regulations relating to the subsistence taking of fish and wildlife on public lands.(3) Nothing in these regulations shall enlarge or diminish the authority of any agency to promulgate regulations necessary for the proper management of public lands under their jurisdiction in accordance with A N ILCA and other existing laws.(b) Section 808 of AN ILCA establishes National Park and Park Monument Subsistence Resource Commissions. Nothing in these regulations affects the duties or authorities of these commissions.
§ ______ _ 14 Relationship to State
procedures and regulations.(a) State fish and game regulations apply to public lands and such laws are hereby adopted and made a part of these regulations to the extent they are not inconsistent with, or superseded by this Part.(b) The Board may close public lands to hunting and fishing, or take actions to restrict the taking of fish and wildlife despite any State authorization for taking fish and wildlife on public lands. The Board may review and adopt State closures or restrictions which serve to

achieve the objectives of these regulations.(c) The Board may enter into agreements with the State in order to coordinate respective management responsibilities.(d) Petition for repeal of subsistence rules and regulations.(1) The State of Alaska may petition the Secretaries for repeal of these subsistence rules and regulations when the State has enacted and implemented subsistence management and use laws which:(1) Are consistent with sections 803, 804, and 805 of ANILCA; and(ii) Provide for the subsistence definition, preference, and participation specified in sections 803, 804, and 805 of AN ILCA.(2) The State’s petition shall:(i) Be submitted to the Secretary of the Interior, U.S. Department of the Interior, Washington, DC 20240, and the Secretary of Agriculture, U.S. Department of Agriculture, Washington, D C 20240.(ii) Include the entire text of applicable State legislation indicating compliance with sections 803, 804, and 805 of ANILCA; and(iii) Set forth all data and arguments available to the State in support of legislative compliance with sections 803, 804, and 805 of ANILCA.(3) If the Secretaries find that the State’s petition contains adequate justification, a rulemaking proceeding for repeal of these regulations will be initiated. If the Secretaries find that the State’s petition does not contain adequate justification, the petition will be denied by letter or other notice, with a statement of the ground for denial.
§ ______ .15 Rural determination process.(a) The Board shall determine if an area or community in Alaska is rural. In determining whether a specific area of Alaska is rural, the Board shall use the following guidelines.(1) A  community or area with a population of 2500 or less shall be deemed to be rural unless such a community or area possesses significant characteristics of a non-rural nature, or is considered to be socially and economically a part of an urbanized area.(2) Communities or areas with populations above 2500 but not more than 7000 will be determined to be rural or non-rural.(3) A  community with a population of more than 7000 shall be presumed non- rural, unless such a community or area possesses significant characteristics of a rural nature.



22956 Federal Register / Yol. 57, No. 104 / Friday, M ay 29, 1992 / Rules and Regulations(4) Population data from the most recent census conducted by the United States Bureau of Census as updated by the Alaska Department of Labor shall be utilized in this process.(5) Community or area characteristics shall be considered in evaluating a community’s rural or non-rural status. The characteristics may include, but are not limited to:(i) Use of fish and wildlife;(ii) Development and diversity of the economy;(iii) Community infrastructure;(ivj Transportation; and(v) Educational institutions.(6) Communities or areas which are economically, socially and communally integrated shall be considered in the aggregate.(b) The Board shall periodically review rural determinations. Rural determinations shall be reviewed on a ten year cycle, commencing with the publication of the year 2000 U.S. census. Rural determinations may be reviewed out-of-cycle in special circumstances. Once the Board makes a determination that a community has changed from rural to non-rural, a waiting period of five years shall be required before the non-rural determination becomes effective.(c) Current determinations are listedat § ________ 23.
§ ----------- .16 Customary and traditional use
determination process.(a) The Board shall determine which fish stocks and wildlife populations have been customarily and traditionally used for subsistence. These determinations shall identify the specific community’s or area’s use of specific fish stocks and wildlife populations. For areas managed by the National Park Service, where subsistence uses are allowed, the determinations may be made on an individual basis.(b) A  community or area shall generally exhibit the following factors, which exemplify customary and traditional use. The Board shall make customary and traditional use determinations based on application of the following factors:(1) A  long-term consistent pattern of use, excluding interruptions beyond the control of the community or area;(2) A  pattern of use recurring in specific seasons for many years;(3) A  pattern of use consisting of methods and means of harvest which are characterized by efficiency and economy of effort and cost, conditioned by local characteristics;(4) The consistent harvest and use of fish or wildlife as related to past methods and means of taking; near, or

reasonably accessible from the community or area;(5) A  means of handling, preparing, preserving, and storing fish or wildlife which has been traditionally used by past generations, including consideration of alteration of past practices due to recent technological advances, where appropriate;(6) A  pattern of use which includes the handing down of knowledge of fishing and hunting skills, values and lore from generation to generation;(7) A  pattern of use in which the harvest is shared or distributed within a definable community of persons; and(8) A  pattern of use which relates to reliance upon a wide diversity of fish and wildlife resources of the area and which provides substantial cultural, economic, social, and nutritional elements to the community or area.(c) The Board shall take into consideration the reports and recommendations of any appropriate Regional Council regarding customary and traditional uses of subsistence resources.(d) Current determinations are listedin § ________ 24.
§ ______ .17 Determining priorities for
subsistence uses among rural Alaska 
residents.(a) Whenever it is necessary to restrict the subsistence taking of fish and wildlife on public lands in order to protect the continued viability of such populations, or to continue subsistence uses, the Board shall establish a priority among the rural Alaska residents after considering any recommendation submitted by an appropriate Regional Council.(b) The priority shall be implemented through appropriate limitations based on the application of the following criteria to each area, community, or individual determined to have customary and traditional use, as necessary:(1) Customary and direct dependence upon the populations as the mainstay of livelihood;(2) Local residency; and(3) The availability of alternative resources.(c) If allocation on an area or community basis is not achievable, then the Board shall allocate subsistence opportunity on an individual basis through application of the above criteria.(d) In addressing a situation where prioritized allocation becomes necessary, the Board shall solicit recommendations from the Regional Council in the area affected.

§ _____ .18 Regulation adoption process.(a) Proposals for changes to the Federal subsistence regulations in Subpart D shall be accepted by the Board according to a published schedule, but at least once a year. The Board shall develop and publish proposed regulations in the Federal Register and publish notice in local newspapers. Comments on the proposed regulations in the form of proposals shall be distributed for public review.(1) Proposals shall be made available for at least a thirty (30) day review by the Regional Councils. Regional Councils shall forward their recommendations on proposals to the Board. Such proposals with recommendations may be submitted in the time period as specified by the Board or as a part of the Regional Council’s annual report described in§ ________.11, whichever is earlier.(2) The Board shall publish notice throughout Alaska of the availability of proposals received.(3) The public shall have at least thirty (30) days to review and comment on proposals.(4) After the comment period the Board shall meet to receive public testimony and consider the proposals. The Board shall consider traditional use patterns when establishing harvest levels and seasons, and methods and means. The Board may choose not to follow any recommendation which the Board determines is not supported by substantial evidence, violates recognized principles of fish and wildlife conservation, or would be detrimental to the satisfaction of subsistence needs. If a recommendation approved by a Regional Council is not adopted by the Board, the Board shall set forth the factual basis and the reasons for their decision in writing to the Regional Council.(5) Following consideration of the proposals the Board shall publish final regulations pertaining to subpart D in the Federal Register.(b) Proposals for changes to subpart C shall be accepted by the Board according to a published schedule. The Board shall develop and publish proposed regulations in the Federal Register and publish notice in local newspapers. Comments on the proposed regulations in the form of proposals shall be distributed for public review.(1) Public and governmental proposals shall be made available for a thirty (30) day review by the regional councils. Regional Councils shall forward their recommendations on proposals to the Board. Such proposals with recommendations may be submitted in
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the time period as specified by the Board or as a part of the Regional Council’s annual report described in § ---------.11, whichever is earlier.(2) The Board shall publish notice throughout Alaska of the availability of proposals received.(3) The public shall have at least thirty (30) days to review and comment on proposals.(4) After the comment period the Board shall meet to receive public testimony and consider the proposals. The Board may choose not to follow any recommendation which the Board determines is not supported by substantial evidence, violates recognized principles of fish and wildlife conservation, or would be detrimental to the satisfaction of subsistence needs. If a recommendation approved by a Regional Council is not adopted by the Board, the Board shall set forth the factual basis and the reasons for their decision in writing to the Regional Council.(5) Following consideration of the proposals the Board shall publish final regulations pertaining to subpart C  in the Federal Register. A  Board decision to change a community’s or area’s status from rural to non-rural will not become effective until five years after the decision has been made.(c) [Reserved.)(d) Proposals for changes to subparts A  and B shall be accepted by the Secretary of the Interior in accordance with 43 CFR 14.1-4.
§ ____ — 19 Closures and other special
actions.(a) The Board may make or direct restriction or closure of the taking of fish and wildlife for non-subsistence uses on public lands when necessary to assure the continued viability of particular fish or wildlife population, to continue subsistence uses of a fish or wildlife population, or for reasons of public safety or administration.(b) After consulting with the State of Alaska, providing adequate notice to the public, and holding at least one public hearing in the vicinity of the affected communities, the Board may make or direct temporary closures to subsistence uses of a particular fish or wildlife population on public lands to assure the continued viability of a fish or wildlife population, or for reasons of public safety or administration. A  temporary closure will not extend beyond the regulatory year in which it is promulgated.(c) In an emergency situation, the Board may direct immediate closures related to subsistence or nonsubsistence uses of fish and wildlife on

public lands, if necessary to assure the continued viability of a fish or wildlife population, or for public safety reasons. The Board shall publish notice and reasons justifying the emergency closure in the Federal Register and in newspapers of any area affected. The emergency closure shall be effective when directed by the Board, may not exceed 60 days, and may not be extended unless it is determined by the Board, after notice and hearing, that such closure should be extended.(d) The Board may make or direct a temporary change to open or adjust the seasons or to increase the bag limits for subsistence uses of fish and wildlife populations on public lands. An affected rural resident, community, Regional Council, or administrative agency may request a temporary change in seasons or bag limits. Prior to implementing a temporary change, the Board shall consult with the State, shall comply with the provisions of 5 U .S.C. 551-559 (Administrative Procedures Act or APA), and shall provide adequate notice and opportunity to comment. The length of any temporary change shall be confined to the minimum time period or bag limit determined by the Board to be necessary to satisfy subsistence uses. In addition, a temporary change may be made only after the Board determines that the proposed temporary change will not interfere with the conservation of healthy fish and wildlife populations. The decision of the Board shall be the final administrative action.(e) Regulations authorizing any individual agency to direct temporary or emergency closures on public lands managed by the agency remain unaffected by these regulations, which authorize the Board to make or direct restrictions, closures, or temporary changes for subsistence uses on public lands.(f) Taking fish and wildlife in violation of a restriction, or temporary change authorized by the Board is prohibited.
§ ______ .20 Request for reconsideration.(a) Subparts C  and D regulations published in the Federal Register are subject to requests for reconsideration.(b) Any aggrieved person may file a request for reconsideration with the Board., (c) To file a request for reconsideration, the requestor must notify the Board in writing within sixty (60) days of the effective date or date of publication of the notice, whichever is earliest, for which reconsideration is requested.(d) It is the responsibility of a requestor to provide the Board with sufficient narrative evidence and

aigument to show why the action by the Board should be reconsidered. The following information must be included in the request for reconsideration:(1) The requestor’s name, and mailing address;(2) The action for which reconsideration is requested and the date of Federal Register publication of that action;(3) A  detailed statement of how the requestor is adversely affected by the action;(4) A  detailed statement of the facts of the dispute, the issues raised by the request, and specific references to any law, regulation, or policy that the requestor believes to be violated and the reason for such allegation;(5) A  statement of how the requestor would like the action changed.(e) Upon receipt of a request for reconsideration, the Board shall transmit a copy of such request to any appropriate Regional Council for review and recommendation. The Board shall consider any Regional Council recommendations in making a final decision.(f) If the request is justified, the Board shall implement a final decision on a request for reconsideration after compliance with 5 U .S.C. 551-559 (APA).(g) If the request is denied, the decision of the Board represents the final administrative action.
§ _____ .21 [Reserved.]

Subpart C— Board Determinations

§____.22 Subsistence resource regions.(a) The following areas are hereby designated as subsistence resource regions:(1) Southeast Region,(2) Southcentral Region,(3) Kodiak/Aleutians Region,(4) Bristol Bay Region,(5) Yukon-Kuskokwim Delta Region,(6) Western Interior Region,(7) Seward Peninsula Region,(6) Northwest Arctic Region,(9) Eastern Interior Region,(10) North Slope Region.(b) Maps delineating the boundaries o f subsistence resources regions are available from the U.S. Fish and Wildlife Service.
§ ______ .23 Rural determinations.(a) All communities and areas have been determined by the Board to berural in accordance with § ________ .15except the following:

Adak;
Fairbanks North Star Borough;



22958 Federal Register / Voi, 57. No» 104 / Friday, M ay 29, 1992 / Rules and RegulationsHomer area—including Homer, Anchor Point, Kachemak City, and Fritz Creek; . , .  ,Juneau area—-including Juneau, West Juneau and Douglas;Kenai area—including Kenai, Soldotna, Sterling, Nikiski, Salamatof. Kalifomsky, Kasilof, and Clam Gulch;Ketchikan area—including Ketchikan City, Clover Pass, North Tongass Highway, Ketchikan East, Mountain

Pass, Herring Cove, Saxman East, and parts of Pennock Island;Municipality of Anchorage;Seward area—including Seward and Moose Pass; Valdez; and,Wasilla area—including Palmer, . Wasilla, Sutton, Big Lake, Houston* and Bodenberg Butte.(2) Maps delineating the boundaries of non-rural areas listed in paragraph (a)(1) are available from the U.S. Fish and Wildlife Service.

(b) [Reserved.]
§ ______ .24 Customary and traditional use
determinations.(a) Rural Alaska residents of the listed communities and areas have been determined to have customary and traditional subsistence use of the specified species on Federal public lands in the specified areas:(1) W ildlife determinations.

A rea Species Determination

G M U  1 ................................................................................................. B row n b e a r.................................. N o  determination, except no subsistence for resi
dents of W rangell, K lukwan, Haines and Skagw ay.

Rural residents of 1 (A ) and 2.
Rural residents of G M U  1(A ), residents of 1 (B ), 2, 

an d  3.
N o  determination, except n o  subsistence for resi

dents of Petersburg, Kupreanof and outlying areas.
Residents of W rangell.
N o  subsistence.

Rural residents of G M U  1 (C ) and Haines, Gustavus, 
Klukwan, and Hoonah.

Rural residents of 1 (C )  and (D ), and residents of 
H oon ah  and Gustavus.

R esidents of Haines, Klukwan, and H oonah.
N o  subsistence.
R esidents of G M U  1(D ).

1 (A ).................... ............................... .'................................................ D e e r.................................................
1 (B ).............................................................................................. ........ D e e r.............................

1 (B )...................................................................................................... G o a t.........................................

1 (B ) T h e  Stikine River drainages o n ly ......  ....................... M o o s e .................................................................................................
1 (B ) North of the LeC o nte  G la cie r and 1 (C ) Berner’s 

Bay,
1 (C ) ................... ............ .....;.............................................. ................

M o o s e .................................................................................................

Black bear.......................................................................................

1 ( 0 ...................................................................................................... D e e r............................................ ...........................................

1 (C ).............................. :......... ............................................................ G o a t............. ............................. .........: ...................................
1 (D ) ....................................................................................................... D e e r.......................................................
1 (D )....................................................................................................... M o o s e ............................................................ ................ .............

G M U  2 ................................................................................................. B row n b e a r........................ N o  subsistence.
Rural residents of G M U  1 (A ) and residents o f Units 2 

and 3.
2 .................................................................................................. .......... D e e r.............................................................................

G M U  3 ........................................................................... .......... .......... D e e r............................................................. ........................ ........ R esidents of G M U  1 (B ) and 3, and residents of Port 
A lexander, Port Protection, P t  Baker, and M eyer's 
Chuck.

G M U  4 ................................................................................................. R esidents of G M U  4 an d  Kake.
R esidents of G M U  4  and residents of Kake, G usta

vus, Haines, Petersburg, P t  Baker, Klukwan, Port 
Protection, and W rangell.

4 ............................................................................................................. D e e r...........................................................

G M U  5 ................................................................................................. B row n b e a r....................................................................................... R esidents of Y a k u ta t 
R esidents of Y a k utat 
R esidents of G M U  5 (A ).

5 ....................................................................................................... D e e r........... ..........................................................................................
5 ...... ................. ................... ....................................................”.......... M o o s e ................................................ ................................................

G M U  6 ................................ ................................................................ B row n b e a r....................................................................................... N o  subsistence.
N o  subsistence.
R esidents of Units 6 , 9, 10 (Unim ak Island only), 1 1 -  

I d  and 1 6 -2 6 .
R esidents of Y aku ta t
R esidents of G M U  6  (B ) and (C ), except Cordova. 
Rural residents of G M U  6  (C )  and (D ).
R esidents of C h e ne ga B ay and Tatilek.

6 ............................................................................................................. M o o s e ........................................................................
6 ............................................................................................................ W o lf .................................................................... .................................

6( A ) .............................................................................. ....................... Black bear....... ..................................................................................
6(B )  and (C ) ..................................................................................... Black bear..........................................................................................
6 (C ) and (D ) .......................................................................... ........... G o a t.....................................................................................................
6 (D ) ..........!.......................................................................................... Black bear.................................... ............................................... .

G M U  7 ............................................................ .................................... B row n b e a r....................................................................................... N o  subsistence.
N o  subsistence.
N o  subsistence.
N o  subsistence.
R esidents of Port G rah am  and English Bay. 
N o  subsistence.
R esidents of G M U  8 .
N o  subsistence.
N o  subsistence.

7 ............................................................................................................. C a rib o u ............................................................... ...............................
7....:....................................................................................................... M o o s e .................................................................................................
7 ......................................... ................. :................................................ S h e e p ..................................................................................................
G M U  7, B row n Mountain hunt area....................................... G o a t.....................................................................................................
G M U  8 ................................................................................................ Brow n b e a r........................................... ........... .................. ............
8 ............................................................................................................. D e e r................................................................................. ...................
8 ............................................................................................................. E lk ....................... ............ ........................................... ........................
8 ........................ ................................................................................. G o a t...... .........................................„ ......... ............ ........... ,...............

G M U  9 ................................................................................................ W o lf ................... ............ ........................ ........... ................................ Residents of Units 6 , 9, 10 (U nim ak Island only), 1 1 - 
I d  and 1 6 -2 6 .

Residents of Units 9 (B ), 9 (C ) an d 17.
Residents of G M U  9 (A ), (B ), (C )  and (E ).
N o  subsistence.
Residents of G M U  9 (B ).
Residents of G M U  9 (B ), 9 (C ), 17 and residents of 

Egegik.
N o  subsistence.
Residents of G M U  9 (D ), and residents of False Pass. 
N o  subsistence,

9 (A ) and (B ) ...................................................... ............................... C a rib o u ..... ............................................................ i ..... ; ................ .
9 (A ), (B ), (C ) and ( E ) ................................... ................................. M o o s e ................................................................................................
9  (A ), (C ) and (D ) .................................................................... ....... Brow n b e a r.......................................................... ............................
9 ( B ) ........... .......................................... ;................................ . Brow n b e a r.................................................. . . . . . . . ..........................
9 (C ) . , ........................................... ...... ............ ....................... ........... C a rib ou................. ........................;................... .................. ..........

9 (D ) .................................................................................. ......... .......... B is o n .................................................. ..................................... ..........
9 ( D ) ................... '..................... .................. ................. ....... C a rib o u ........................ ..,..'....i...'...i...-..;-.............'............................
9 ( 0 ..... ................................... L .— ....................... l .....,..:...... M o o s e ........................ ................................... ........................ ...........
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9 ( E ) ....................... ,................................. ........................................... R esidents of Chignik Lake. Ivanof Bay an d  Perryville. 
R esidents of Units 9  (B ), (C ),  (E ), 17, an d  residents 

of N elson Lago on an d S an d Point.
C a rib o u ...-......................

G M U  10 Unim ak Island............ ............................. ..................... C a rib o u ............................................. R esidents of False Pass.
N o  determination.
R esidents of Units 6, 9, 10 (Unim ak Island only), I l 

l s  and 1 6 -2 6 .

10 R em ainder............................................. C a rib o u ..................................
1 0 ..... ............................'............................................. W o lf .................................

G M U  11.................................................................... B is o n .......................................... N o  subsistence.;
N o  subsistence.
M entasta H erd— residents of Units 11, 12 (along 

N abesna R oad ) and 13 (A ) - (D ) .
N o  subsistence.
Residents of Chisana, Chistochina. Chitina, C o p p e r 

Center, Gakona, G lennallen, Gulkana, K en ny Lake, 
M cCarthy R oad, Mentasta Lake, M entasta Pass 
(m ilepost 7 9 -1 1 0 ) Nabesna R oad, S lana, M c C a r
thy/South W rangell/South Park, Tazlina, a n d  T o n - 
sina. H ow ever no subsistence for Cantw ell, east 
G le nn H ighw ay (m ilepost 1 1 0 -1 8 0 ) and to m ilepost 
14 on the Lake Louise R oad , H om estead North, 
H om estead South, Lake Louise, Pax son, Sour
dough, Ta na cross, To k , and w est G le n n  H ighw ay 
(m ilepost 7 8 -1 1 0 ).

R esidents of G M U  11, residents of G M U  12 (along 
N abesna R oad ) and G M U  13 (A ) - (D ) .

R esidents of Units 6, 9, 10 (Unim ak Island only), 1 1 -  
13 and 1 6 -2 6 .

R esidents of Units 11. 13, 15, 16, 2 0 (D ), 22, an d  23.
R esidents of Units 11. 13. 15, 16, 2 0 (D ), 22, and 23.

1 1 ................ ........... .................................................. ................. ............. B row n B ea r...............
1 1 ....;............1....... ; ..... ........ ............................... ........................ ....... C a rib o u ............................. ..

1 1 .................................................................................................................. G o a t.................
1 1 .................................................................................................

1 1 ................................. ........................................................................ M o o s e ................... ....................

1 1 .................... ..................................... ;.............................................. W o lf ..............................................................................

1 1 ................................................... ....................... ..............................
1 1 .......................: ...............;......... ....................;..................................

G M U  1 2 ......................„ ................. ................................................... B row n b e a r....................................................................................... N o  subsistence.
R esidents of Northw ay and Tetlin.
R esidents of G M U  12, north of W rangell Park Pre

serve and rural residents of G M U  20  (D ) and (E ).
R esidents of G M U  11 north of 62 nd parallel and 

excluding B L M  parcels of north and south Slana; 
and residents of G M U  12, 13 (A ) - (D )  and residents 
of D ot Lake.

Residents of G M U  12.

Residents of G M U  12 and residents o t D o t  Lake and 
M entasta Lake.

R esidents of U nits 6 , 9 , 10 (Unim ak Island only). I l 
l s  and 1 6 -2 6 .

N o  subsistence.

1 2 .............................................................................................................. Caribou-N elchina H e rd ......................................... ...........
1 2 ....................................... ........... ..............................................;...... C aribou-40 Mile H e r d .........................................

12 South of a line from N o yes Mountain, southeast 
of the confluence of Tatsch und a Cre ek  to N a 
besna River.

12 East of the N abesna River, south of the W inter 
Trail from  Pickerel Lake to the Canadian Border.

12 Rem ainder of G M U  1 2 .........................................................

M o o s e .................................................................. ..............................

M o o s e ......................... .......................................................................

M o o s e ............ .................................... ..............:..............................

1 2 .................... ................... .................... ................................. W o lf ................................................................................................................

12, To k  M anagem ent a re a .............................................................. S h e e p ........................................................  .................

G M U  13....... .......................................... ........................... ............... B row n b e a r....................................................................................... N o  subsistence.
Residents of Units 11, 13, an d  12 (a long N a be sn a 

R oad).
N o  subsistence.
Residents of G M U  13.
R esidents of Units 6 , 9, 10 (Unim ak Island only), 1 1 — 

13 and 1 6 -2 6 .
R esidents of Units 11, 13. 15, 16, 2 0 (D ), 22  and 23.
R esidents of Units 11. 13, 15, 16, 2 0 (D ), 22 and 23.
N o  subsistence.
N o  subsistence.
N o  subsistence for residents of M cKinley Village and 

the area along the Parks H ighw ay betw een mile
post 216 and 239 and households of the Denali 
National Park Headquarters.

1 3 ....................... ................ ........ .......................................... ....... . C aribou-N elchina H e rd ....................... ........................ .................... .

13 To k  and Delta M anagem ent A re a s ..................................... S h e e p .............................................................................................................
1 3 .................................. ........... .” ................................ ................... j............. M o o s e ................................................. ........................................................
13 ................................................... ................ ................................ ............... W o K .................................................................................................................

1 3 .....................................................................................................................
13................... ............................ ;........................... .............................
13 (D ).................................... ................... ........................................... G o a t............................... ......................................................................
1 3 (D )......................... .......................................................................... S h e e p .................................................. ......... ....................................
1 3 (E ).............................. ..................................... ................... .......... M o o s e .............................................................................................. .

G M U  14....................................... ................................ ........... ......... G o a t........... ............................................... ........... ................ .............. N o  subsistence. 
N o  subsistence. 
N o  subsistence. 
N o  subsistence.

1 4 .... ;............ .................................................................... ................. M o o s e ...................... ......................................... ................................
14 (A ) and ( C ) ....................................... ......................................... S h e e p ...................................................................................... ...........
14 (B ) and (C ) . . . ............................................................................. B row n b e a r.......................................................................................

G M U  15............................... ...... ..................... ........................ ......... B row n B ea r..........................................................r................. N o  subsistence.
R esidents of Units 1 1 , 13, 15. 16, 2 0 (D ), 22  an d  23. 
R esidents of Units 11, 13, 15, 16, 2 0 (0 ), 22 an d  23 . 
N o  subsistence.
N o  subsistence.
R esidents of English Bay and Port G raham .

N o  subsistence.
R esidents of Port G rah am  and English Bay.
R esidents of Seldovia area.

i s .......................................................... ............................:.............................
15.............. . . . . . . . . . . . . . . . . ..................... ....... „ ........ ....... ....................... Ptarm igan (R ock, W illow and W h ite -ta ile d)...........
15 ........... ;.................... ..................................„ . . . ............................... S h e e p ..................................................................................................
15 (A ) and ( B ) ..................?....................................................... .......... M o o s e ........................................................................................... ...............
15(C ), that portion southwest of a  line from  Point 

Pogibshi to the point of land betw een R ocky B ay 
and W indy Bay.

1 5 (C ) T h e  Port Dick and English B a y hunt a re a s ............

M o o s e ............................................................................................................

M o o s e ............................................................................................. ....... .

1 5 (C ) T h e  Seldovia hunt are a .................... ...................................
G o a t ................................................................................................................
G o a t .......................................................................... . ...............................

G M U  16...:...........................................I....... ........................;................. B row n b e a r ................................................................................................. N o  subsistence.
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1 0 ..................................................................... S h e e p  .. . N o  subsistence.
Residents o f Units 6 , 9, 10 (Unim ak Island only), 1 1 - 

13 and 1 6 -26 .
R esidents of Units 11, 13, 15, 16 2 0 (D ), 22, a n d  23. 
R esidents of Units 11, 13, 15, 16, 2 0 (D ), 22. a n d  23. 
N o  subsistence.
Residents of G M U  16(B ).

1 6 ............ ............................................................... W o ff............

1 6 ......................................................................................................
1 6 ........................................................................
1 6 (A )................................................. .................................... ;............. M oose .............
1 6 (8 ).................................................................................................... M o o s e ................

G M U  17......................................... ................................................... C a rib ou................................... Residents of Units 9 (B ), 17 and residents of Lim e 
Village and S tony River.

R esidents of Units 6, 9, 10 (Unim ak Island only), 1 1 - 
13 a n d  1 6 -2 6 .

Residents of G M U  17, and residents of G oo dn ew s 
B ay a n d  Platinum.

R esidents of G M U  17 and residents of G oo dn ew s 
B a y and Platinum.

1 7 .......................................................................... W o H ..........................

1 7 (A )....................................................................................................

1 7 (A ).................................................................................................... M o o s e ................................

17 (A )  and (B )  T h o s e  portions north an d  west of a B row n b e a r.......................................................................................
line beginning from the G M U  18 boundary at the 
northwest end of Nenevok Lake, to the southern 
point of upper To giak Lake, and northeast to the 
northern point of Nuyakuk Lake, northeast to  the 
point w here the  G M U  17 boundary intersects the 
Shotgun Hilts.

17 (A ) and (B )  T h o s e  portions north and west of a C a rib o u ....................................................................................... ........
• ? \

line beginning from the G M U  18 boundary at the 
northwest en d  of Nenevok Lake, to the southern 
point of upper To giak  Lake, an d  northeast to the 
northern point of Nuyakuk Lake, northeast to the 
point w here the G M U  17 boundary intersects the 
Shotgun Hills.

17 (A )  a n d  (B )  T h o s e  portions north a n d  w est of a 
line beginning from  the G M U  t 8  boundary at the 
northwest e n d  of N enevok Lake, to the southern 
point of upper To giak Lake, a n d  northeast to the 
northern point of Nuyakuk Lake, northeast to the 
point w here the G M U  17 boundary intersects the 
Shotgun Hills.

1 7 (B )  an d  ( C ) ........... ......................................................................

M o o s e ................................................................................................

Brow n b e a r............................................................ „ ........................
17 (B )  a n d  ( C ) ................................................................................. R esidents of G M U  17, and residents of Nondafton, 

Levelock, G o o d n e w s Bay and Platinum.

G M U  18.............................................................................................. B row n b e a r....................................................................................... Residents of Akiachak, Akiak, Eek, G oo dn ew s Bay, 
Kwethtuk, Mt. Village, Napaskiak, Platinum, Q uin- 
hagak, S L  M ary's, and Tuluksak.

Interim determination by Federal Subsistence Board 
(12/18/91): Residents of Tuluksak, Akiak, Akia
chak, Kwethtuk, Bethel, Oscarvilte, Napaskiak, N a- 
pakiak, Kasigluk, Atm anthiuak, Nunapitchuk, T u n - 
tuttiak, Eek, Quinhagak, G o o d n e w s Bay, Platinum, 
Togiak, a n d  Tw in  Hills.

R esidents of Kwethtuk.
Residents of G M U  18 and residents of U pper Kals- 

kag.

1 8 ................_ ........................................ ........... ...................................

1 8 ..........................................................................................................
1 8 .......................................................................................................... M o o s e ..............................................................

1 8 ......................................... ......... ..................................................... M uskox........................................................................
1 8 .......................................................................................................... W o lf ........................................................ R esidents of Units 6 , 9, 10 (Unim ak Island only), 1 1 -  

13 a n d  1 6 -26 .

G M U  19.............................................................................................. W o lf.................................................. . . R esidents of Units 6 , 9, 10 (Unim ak Island only), 1 1 -  
13 a n d  1 6 -26 .

R esidents of G M U  19(A), (D ), and Residents of 
Tuluksak, Low er Kalskag and Kwethtuk.

R esidents of G M U  18 within Kuskokwim  River drain
age upstream  from and including the Johnson 
River, a n d  G M U  19.

R esidents of G M U  1 9  (A ) a n d  (B ) and Kwethtuk; and 
residents of G M U  18 in Kuskokwim  D rainage and 
Kuskokw im  B a y  during the winter season.

R esidents of Kwethluk.
N o  subsistence.
R esidents of G M U  1 9 (C ), a n d  residents of Lime 

Village, M cGrath, Nikolai, a n d  Telida.

1 9 (A )............. .......... ............................. ....... ..................................... B ro w n  b e a r...........................................................

19 (A ) and ( B ) .......... ....................................................................... M o o s e ................................................................................................

19 (A ) and ( B ) ........................................................................ ......’■ C a rib ou...............................................................................................

1 9 (B )............................................................................................. B ro w n  b e a r................................................................................
1 9 (C )...........................................................................................„ ....... Brow n B e a r......................................................................................
1 9 (C )........................................................................... ................. Caribou ............

1 9 (C )......................- .............„ ........................................................... M o o s e ................................................................................. ...............
19 (C ), ( D ) ...................................................... ......................... B is o n .......................................................................................... N o  subsistence.

R esidents of G M U  19 (A )  and (D ), an d  residents of 
Tu lusak and Low er Kalskag.

R esidents of G M U  19(E)), an d  residents of Lime 
Village, Sleetm ute and S tony River.

Residents o f G M U  19 an d residents of Lake Minchu- 
mina.

19(b)'....'....'........................................................ .................................. B row n b e a r.......................................................................................

1 9 (D )................................................................... ................................. C a rib o u ......................................................................................

1 9 (D ).................. .................. .............................. „ ....................... „... M o o s e ........................................... ..................................................

G M U  20................... ........................ ....................„ .......................... W o lf .................................................................................................... Residents o f Units 6 , 9, 10 (Unim ak Island only), 1 1 - 
13 a n d  1 6 -2 6 .
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2 0 (A ). M o o s e .

20 (A ), (C ) (Delta, Yanert, and 2 0 (C ) herds) and (D ). C aribou.

2 0 (B )

2 0 (B )

2 0 (C )

M oose

M oose

M oose

2 0 (D )............................................

2 0 (D ).......................... ................................ .
2 0 (D )------ ----------- ------------------------ x ...... w .;. . .*
2 0 (D )........................... .....................................
20 To k  and Delta M anagem ent A reas
2 0 (D ) and 2 0 (E ) ...................................

2 0 (E ).. . .» ................................... ................ .
2 0 (F ).............. .................................................

G M U  2 1 ................................. ................... .....
21............................................................
2 1  ........................................................................;..................... ........................................................................................................................

2 1 (A )...:..............................................................

21 (A ) and ( E ) ..............................................

21 (B ) and ( C ) .........................................

2 1 (D )............................................ .....................

2 1 (E )......................... .

G M U  2 2 ............................................................
2 2  ................................................................................................................................................

2 2 ............... :......................................................
2 2 ........................................................................

2 2 .......................................................................
2 2 .......................................... ...........................
22 (D ), ( E ) ........................................ ........... .

G M U  2 3 ................................  ...................
2 3  .....................................................

2 3 ..................................................................... .
2 3 .. ..................... ................ '...................
2 3 .......................................................................
2 3 .....................................................................

2 3 ............................................. ...................... .
2 3 .. ............................. ....................................

G M U  24....................................;.......... .

M o o s e .

B is o n .
G rouse, (Spruce , Blue, Ruffed and S h arp -ta ile d).
Ptarm igan (R ock, W illow and W hite -ta ile d).....;.....
S h e e p ................4 ...... ........................................... ...............
C aribou 40-M ile H e r d ...... ................................................

B row n b e ar. 
M o o s e ..........

Residents of Cantwell, Minto, and Nenana. N o  sub
sistence for residents of M cKinley Village, the area 
along the Parks H ighw ay betw een mileposts 216 
and 239 and households of the Denali National 
Park Headquarters.

N o  determination, except no subsistence for resi
dents of M cKinley Village, the area along the 
Parks H ighw ay betw een mileposts 21 6  and 239 
and households of the Denali National Park H ead
quarters.

M into Flats M anagem ent A rea-Presidents of Minto 
and Nenana.

R em ainder— rural residents of G M U  2 0 (B ), and resi
dents of N enana and Ta na na .

Rural residents of G M U  2 0 (C ) (except that portion 
within Denali National Park and Preserve and that 
portion east of the Teklanika River), and residents 
of Cantwell, M anley, Minto, Nenana, the Parks 
Highw ay from  milepost 3 0 0 -3 0 9 , Nikolai, Ta n a n a  
and Telida. N o  subsistence for residents of M cKin
ley Village, the area along the Parks H ighw ay 
betw een m ileposts 21 6  and 23 9  an d households 
of the Denali National Park Headquarters.

Rural residents of G M U  2 0 (D ) and residents of 
Tanacross.

N o  subsistence.
R esidents of Units 11, 13, 15, 16, 2 0 (D ), 22  and 23.
R esidents of Units 11, 13, 15, 16, 2 0 (D ), 2 2  and 23.
N o  subsistence.
R esidents of G M U  12 north of W rangell Park-Pre

serve, rural residents of 2 0 (D ) and residents of 
2 0 (E ).

N o  subsistence.
R esidents of G M U  2 0 (F ), M anley, Minto and S tevens 

Village.

Brow n b e a r. 
W o lf ............ ;.

Caribou, W estern Arctic Caribou H erd o n ly .

M o o s e ..........................................................................

C a rib o u ........................................... .............................

M o o s e . 

M o o s e . 

M o o s e .

Rural residents of G M U  21 an d 23.
Residents of Units 6 , 9, 10 (Unim ak Island only), I l 

l s  and 1 6 -2 6 .
Residents of G M U  2 1 (D ) w est of the Koyukuk and 

Yukon Rivers, and residents of 2 2 (A ), (B ), 23, 24, 
and 2 6 (A ).

Residents of G M U  21 (A ), (E ), Ta kotna, M cGrath, 
Aniak and C rooked Creek.

R esidents of G M U  2 1 (A ) an d  Aniak, Chuathbaluk, 
C rooked Creek, Grayling, H oly Cross, M cGrath, 
Shageluk and Takotna.

R esidents of G M U  21 (B ) and (C ), residents of 
Ta n a n a  and Galena.

Residents of G M U  2 1 (D ), and residents of Huslia 
and Ruby.

R esidents of G M U  2 1 (E ) and residents of Russian 
Mission.

B row n b e a r............................................................ ....
Caribou, W estern Arctic Caribou H erd o n ly .

M o o s e . 
W o lf .....

G rouse  (Spruce, Blue, Ruffed and Sh arp -ta ile d).
Ptarm igan (R ock, W illow and W h ite -ta ile d)...........
M usk ox..................................................................................

Residents of G M U  22.
Residents of G M U  2 1 (D ) w est of the Koyukuk and 

Yukon Rivers, and residents of Units 2 2 (A ), (B ), 
23, 24, and 26 (A ).

Residents of G M U  22.
Residents of Units 6 , 9, 10 (Unim ak Island only), 1 1 - 

13 and 1 6 -2 6 .
Residents of Units 11, 13, 15, 16, 2 0 (D ), 22 an d  23. 
Residents of Units 11, 13, 15, 16, 2 0 (D ), 22, and 23. 
N o  subsistence.

B row n b e a r.......................................... ........... ........
Caribou W estern Arctic Caribou H erd o n ly .

M uskox. 
S h e e p ... 
M o o s e ... 
W o lf ......

G rouse  (Spruce, Blue, Ruffed and Sh arp -ta ile d). 
Ptarm igan (R ock , W illow and W hite -ta ile d)___

Rural residents of Units 21 and 23.
Residents of G M U  2 1 (D ) w est of the Koyukuk and 

Yukon Rivers, and residents of G M U  2 2 (A ), (B ), 
23, 24, and 26 (A ).

N o  subsistence.
R esidents of G M U  23 north of the Arctic Circle. 
R esidents of G M U  23.
R esidents of Units 6, 9, 10 (Unim ak Island only), 1 1 - 

I d  and 1 6 -26 .
R esidents of Units 11, 13, 15, 16, 2 0 (D ), 22  and 23. 
R esidents of Units 11, 13, 15, 16, 2 0 (D ). 22  and 23.

B row n b e ar. R esidents of G M U  24 an d W isem an, but not includ
ing any other residents of the Dalton H ighw ay 
Corridor M anagem ent Area.
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24
, S h e e p ............................ R esidents of G M U  24  residing north of the Arctic 

Circle and residents of Allakaket, Alatna and A nak - 
tuvuk Pass.

R esidents of G M U  24, and residents of Anaktuvuk 
Pass, Koyukuk, and Galena.

R esidents of Units 6, 9 ,1 0  (Unim ak Island only), 1 1 -  
13 and 1 6 -2 6 .

2 4 ...................................................................... ............................  ' M o o s e ........................

24
W o lf ..........................................

G M U  2 5 ........................................... B row n b e a r........................................ N o  subsistence.
R esidents of Units 6 , 9, 10 (Unim ak Island only), 1 1 - 

13 an d  1 6 -2 6 .
R esidents of Arctic Village, Chalkytsik, Fort Yukon, 

Kaktovik an d  V enetie.
R esidents of G M U  2 5 (A ) and residents of Venetie 

only.
N o  subsistence.
R esidents of Beaver, Birch Cre ek  a n d 'S te v e n s  Vil

lage.
R esidents of “ Rem ainder of G M U  2 5 ” .

2 5 ........... .............. ...........................................................  .. W o lf ...............................

2 5 (A ).................. .................................................................... ....... .. S h e e p ........................

2 5 (A )....................................  __  ______  _____ ______ M o o s e ..........

2 5 (B ) an d  (C )_________ _________  ____________  „ „  .. S h e e p .....................................................
2 5 (D ) W est... ........... ...................................................._ ............ M o o s e .................................

2 5 (D ) R em ainder................................ ............................. „ ........... M o o s e .......................................

G M U  2 6 ..........  ............................... ........... ................................ .. Brow n b e a r.............................. R esidents of G M U  26  (except the Prudhoe B ay- 
D eadhorse Industrial Co m p lex) and residents of 
Anaktuvuk Pass and Point Hope.

Residents of G M U  2 1 (D ) w est of the  Koyukuk and 
Y uk on Rivers, and residents of Units 2 2 (A ), (B ), 
23, 2 4 , a n d  2 6 (A ).

R esidents of G M U  26, (except th e  Prudhoe B ay- 
D eadhorse Industrial C o m p lex ), an d  residents of 
Point H o p e  a n d  A naktuvuk Pass.

Residents of Units 6 , 9 ,  1Q (U n im ak  Island only), 1 1 -  
13 and 1 6 -2 6 .

N o  subsistence.
R esidents of Anaktuvuk Pass, Kaktovik, Nuiqsut and 

W isem an.
R esidents of A naktuvuk Pass, Kaktovik, Nuiqsut and 

W isem an.
R esidents of Kaktovik.
R esidents of Arctic Village, Chalkytsik, Fort Yukon, 

Kaktovik and Venetie.

2 6 _ ______ ____________  _________________________ ______

2 6 ............... ........................................ ................ ...................... ....

C aribou W estern Arctic  C a rib ou  H erd  o n ly _____________

M o o s e ...........................................

26  _______  ___________  ______ ____ ___ _____ ________ _ W o lf ........................................................... _ .........

2 6 (A )...................................................................................... .. M usk ox...........................................
26  (A ) and ( B ) ........................ ............................................ ............ S h e e p ...........................................................................................

2 6 (B ).................................................................................... ................ C aribou Central Arctic H erd .

26 (B ) and ( C ) .................. ....................... ............._ ....................... M usk O x e n ...............................................................................
2 6 (C ) .............  ............... . ........... ................................................. S h e e p ..............................................

(2) Fish and shellfish determinations.

Area S pecies Determination

K otze b u e -N o rth e rn  A re a— Northern District...... ......... ...... All finfish............................................................................................ R esidents of the Northern District, except for those 
dom iciled in State of Alaska G M U  2 6 -B .

R esidents of the Kotzebue District.K o tze bue -N o rthe rn  A re a— K otzebue D istrict..................... Salm on, shellfish, c h a r..................................................... ............

Norton Sound— Port C larence A re a ...................... ........... , S a lm o n ................................................................. f R esidents of the Norton Sound-P ort C larence A re a

Yukon A re a ....................................................................................... Salm on ..................... R esidents of the  Y u k o n  A re a  including the com m uni
ty of Stebbins.

R esidents of the Yukon R iver drainage, including the 
com m unities of Stebbins, S cam m o n Bay, H ooper 
Bay, and C hevak.

R esidents of the Yukon Area.

Y uk on A re a ................................................................ ................ ...... Yukon R iver Fail ch um  salm on

Y u k on A re a ...................... ...................... .................. ....................... Freshw ater fish species, including sheefish, whitefish, 
lam prey, burbot, sucker, grayling, pike, char, and 
blackfish.

Kuskokwim  A re a ....  ...... ..... ...................................................... , S a lm o n .............................................................................. R esidents of the Kuskokwim  A re a  except those 
persons residing on the United States military 
installation located o n  C a p e  N e w en h am , S pare- 
voh n U S A F B , and Tata lina U S A F B .

R esidents of the com m unities of Chevak, Newtok, 
Tunun ak, To k so o k  Bay, Nightm ute, Chefornak, 
Kipnuk, M ekoryuk, Kwigillingok, Kongiganak, Eek, 
and Tuntutuliak.

R esidents within 20  mites of the coast betw een the 
westernm ost tip o f the Naskonant Peninsula and 
the terminus o f the Ishowik R iver and on Nunivak 
Island.

Kuskokwim  A re a ............................ ....................._ ...................... Pacific c o d ............. ..........................................................

Kuskokwim  A re a — W aters  adjacent to the western
m ost tip of the N askonant Peninsula a n d  the 
term inus of the Ishowik River and around Nunivak 
Is la nd

Herring and herring ro e ...............................................................

Bristol B ay A re a — N ushagak District, including drain
ages flowing into the district.

Bristol B ay A re a — N a k nek -K vich ek  District— Naknek 
R iver drainage.

Bristol B a y A re a— N a k n e k -K vich e k  District— Riamna- 
Lake Clark drainage.

S a lm o n ............................................................... ....................... ........

S a lm o n ........................................................... ....................................
drainages flowing into the district.

Residents of the Naknek an d Kvichak R iver drain
ages.

R esidents of the Iliam na-Lake Clark drainage.S a lm o n ...... .........................................................................................
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Bristol Bay A re a— To giak District, including drainages 
flowing into the district.

S alm o n and other freshwater finfish.................................... R esidents of the To giak  District, freshwater drain
ages flowing into the district, an d  the com m unity of 
Manokotak.

Kodiak A re a— except the M ainland District, all waters 
along the southside of the Alaska Peninsula

S a lm o n ............................................................................................. .. R esidents of the Kodiak Island Borough, except 
those residing on the Kodiak C o ast G ua rd  Base.

bounded by the latitude of C a p e  D ouglas (58°52' 
North latitude) m id-stream  Shelikof Strait, and w est 
of the longitude of the southern entrance of 
K m uya B ay near Kilokak R ock s (57° 11'22“  North 
latitude, 156°20'30" W  longitude.).

Kodiak Area— except the Sem idi Island, the North 
Mainland, and the South M ainland Sections.

King cra b ........................................................................................... R esidents of the Kodiak Island Borough except 
those residents on the Kodiak Co ast G ua rd  base.

Cook Inlet A rea— Port G rah am  S ub-D istrict....................... DoWy V a rd e n ..................................................................................... Residents of Port G rah am  and English Bay.
C o ok  Inlet Area— Port G rah am  Sub-District and S a lm o n ................................................................................................ Residents of Port G rah am  and English Bay.

Koyuktolik Sub-District.
Cook Inlet A rea— Tyo n e k  S ub -D istric t.................................. S a lm o n ................................................................................................ Residents of the village of Tyon ek .

Prince W illiam  S oun d Area— South-W estern District 
and G re e n  Island.

S a lm o n ................................................................................................ Residents of the Southwestern District w hich  is 
m ainland waters from the outer point on the north 
shore of Granite B ay to C a p e  Fairfield, a n d  Knight 
Island, C h e ne ga Island, Bainbridge Island, E van s 
Island, Elrington Island, Latouche Island and adja
cent islands.

Prince W illiam S o u n d  A rea— North of a line from S a lm o n ........... ................................................................................... Residents of the villages of Tatitlek and Ellam ar.
Porcupine Point to  Granite Point, an d south of a
line from Point Low e to To n g u e  Point.

Yakutat Area— Freshw ater upstream  from the termi
nus of streams and rivers of the Yakutat A re a  from 
the D oam e River to the Ts iu  River.

S a lm o n ................................................................................................ Residents of the area east of Yakutat Bay, including 
the islands within Yakutat Bay, w est of the Situk 
River drainage, and south of an d including Knight 
Island.

Yakutat Area— Freshw ater upstream  from  the termi
nus of streams and rivers of the Yakutat Area from 
the D oam e River to Point M anby.

Dolly V arden char, steelhead tro u t an d s m e lt_________ R esidents of the  area east of Yakutat B ay. including 
the islands within Yakutat B ay, w est of the Situk 
R iver drainage, an d  south of an d  including Knight 
Island.

South-Eastern Alaska A rea— District 1— Section 1 - E  
in waters of the N aha R iver and R oosevelt Lagoon.

S alm o n an d Dolly V arden c h a r........... .............................. .. R esidents of the City of Saxm an.

South-Eastern Alaska A re a— District 1— Section 1 -F S alm o n and Dolly V arden c h a r................................................ R esidents of the City of Saxm an.
in B oca  de Q uadra in w aters of S ockeye Creek
and H ugh Sm ith Lake within 500 yards of the »
terminus of S ockeye Creek.

S outh-Eastern Alaska A re a— District 2— North of the 
latitude of the northern-m ost tip of Chasina Point 
and west of a  line from  the northern-m ost tip of 
Chasina Point to the eastern-m ost tip of Grindall

Salm on an d  Dolly V arde n c h a r............ ................................... R esidents of the City of K asaan an d  in the drainage 
of the southeastern shore of the K asaan Peninsula 
w est of 132° 20 ' W . long, and east of 132° 25 ' W . 
long.

Island to the eastern-m ost tip of the Kasaan Pe
ninsula.

S outh-Eastern A laska A rea— District 3— Section 3 - A ... Salm on and Dolly V arden c h a r................................................ R esidents of the townsite of Hydaburg.
R esidents of the C ity  of Klaw ock and o n  Prince of 

W ales  Island within the boundaries of the Klaw ock 
H een ya  Corporation land holdings a s  they exist in 
Jan uary 1989, and those residents of the City of 
Craig and o n  Prince of W ales Island within the 
boundaries of the S h an S e e t C orporation land 
holdings as they exist in Jan uary 1989.

South-Eastern A laska A rea— District 3— Section 3 -B  
in waters east of a line from Point Hdefonso to 
Tranquil Point.

S alm o n, Dotty V arden char, an d  steelhead trout.............

South-Eastern Alaska A rea— District 8 — Section 3 -C  
in waters of Sarkar Lakes.

S alm on, Dolly V arde n char, an d  steelhead trout_______ Residents of the  C ity of K law ock and o n  Prince of 
W ales Island within the boundaries of the K law ock 
H eenya Corporation land holdings as they exist in 
Ja n uary 1989, and those residents of the City of 
Craig and on Prince of W ales Island within the 
boundaries of the S h an Seet Corporation land 
holdings as they exist in Jan uary 1989.

South-Eastern Alaska A re a— District 5— N orth  of a 
line;from Point Barrie to Boulder Point.

S alm o n an d Dolly V arden c h a r.... ........................ ................. R esidents of the  C ity of Kake an d in K upreanof 
Island drainages em ptying into K eku Strait south of 
Point W hite an d  north of the Portage B a y boat 
harbor.

S outh-Eastern Alaska A re a— District 9— Section 9 - A ... Salm on and Dolly V arde n c h a r................................................ R esidents of the City of K ake an d in K upreanof 
Island drainages em ptying into Keku Strait south of 
Point W hite and north of the Portage B ay boat 
harbor.

South-Eastern Alaska A rea— District 9— Section 9 -B  
north of the latitude of Sw ain Point.

S alm on and Dolly V arden c h a r________________________ ... R esidents of the City of K ake an d in K upreanof 
Island drainages em ptying into K eku Strait south of 
Point W hite an d  north of the Portage B a y  boat 
harbor.

South-Eastern Alaska A rea— District 10— W est of a 
line from Pinta Point to False Point Pybus.

S alm on and Dolly V arden c h a r___ ______________________ R esidents of the City of K ake an d in K upreanof 
Island drainages em ptying into Keku Strait south of 
Point W hite and north of the Portage B a y  boat 
harbor.
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South-Eastern Alaska Area— District 12— South of a 
line from Fishery Point to south Passage Point and 
north of the latitude of Point Caution.

Salmon and Dolly Varden char......................................... Residents of the City of Angoon and along the 
western shore of Admiralty Island north of the 
latitude of Sand Island, south of the latitude of 
Thayer Creek, and west of 134’ 30' W. long., 
including Killisnoo Island.

South-Eastern Alaska Area— District 13— Section 13- 
A south of the latitude of Cape Edward.

Sockeye salmon................................................................... Residents of the City and Borough of Sitka in drain
ages which empty into Section 13-B north of the 
latitude of Dorothy Narrows.

South-Eastern Alaska Area— District 13— Section 13- 
B north of the latitude of Redfish Cape.

Sockeye salmon................................................................... Residents of the City and Borough of Sitka in drain
ages which empty into Section 13-B north of the 
latitude of Dorothy Narrows.

South-Eastern Alaska Area— District 13— Section 13- 
C.

Sockeye salmon................................................................... Residents of the City and Borough of Sitka in drain
ages which empty into Section 13-B north of the 
latitude of Dorothy Narrows.

South-Eastern Alaska Area— District 13— Section 13- 
C  east of the longitude of Point Elizabeth.

Salmon and Dolly Varden char......................................... Residents of the City of Angoon and along the 
western shore of Admiralty Island north of the 
latitude of Sand Island, south of the latitude of 
Thayer Creek, and west of 134° 30' W. long., 
including Killisnoo Island.

South-Eastern Alaska Area— District 14— Section 14- 
B and 14-C.

Salmon, smelt and Dolly Varden char............................. Residents of the City of Hoonah and in Chichagof 
Island drainages on the eastern shore of Port 
Frederick from Gartina Creek to Point Sophia.

South-Eastern Alaska Area— District 15— Chilkat and 
Chilkoot Rivers.

Salmon and smelt............................................................... Residents west of the Haines highway between Mile 
20 and Mile 24 and east of the Chilkat River, but 
not elsewhere in Klukwan; and, those residents of 
other areas of the city and borough of Haines, 
excluding residents in the drainage of Excursion 
Inlet.

For the reasons set out in the preamble, chapter I, subchapter H of title 50 and chapter II of title 36 of the Code of Federal Regulations are amended as follows:
TITL E  36— PARKS, FORESTS AND 
PUBLIC PROPERTY

CHAPTER II—FOREST SERVICE, 
DEPARTMENT OF AGRICULTURE1. The authority citation for part 242 continues to read as follows:

Authority: 16 U .S.C. 3, 472, 551, 668dd, 
3101-3126; 18 U .S.C. 3551-3586; 43 U .S.C.
1733.2. Subparts A , B, and C of part 242 of title 36 are revised as set forth at the end of the common rule.
PART 242— SUBSISTENCE 
MANAGEMENT REGULATIONS FOR 
PUBLIC LANDS IN ALASKA

Subpart A—General Provisions 
Sec.
242.1 Purpose.
242.2 Authority.
242.3 Applicability and scope.
242.4 Definitions.
242.5 Eligibility for subsistence use.
242.6 Licenses, permits, harvest tickets, 

tags, and reports.
242.7 Restriction on use.
242.8 Penalties.
242.9 Information collection requirements. 
Subpart B—Program Structure
242.10 Federal Subsistence Board.
242.11 Regional advisory councils.
242.12 Local advisory committees.
242.13 Board/agency relationships.

242.14 Relationship to State procedures and 
regulations.

242.15 Rural determination process.
242.16 Customary and traditional use 

determination process.
242.17 Determining priorities for subsistence 

uses among rural Alaska residents.
242.18 Regulation adoption process.
242.19 Closures and other special actions.
242.20 Request for reconsideration.
242.21 [Reserved.]

Subpart C— Board Determinations
242.22 Subsistence resource regions.
242.23 Rural determinations.
242.24 Customary and traditional use 

determinations.

TITL E  50— WILDLIFE AND FISHERIES

CHAPTER I— UNITED S TA TES  FISH AND 
WILDLIFE SERVICE, DEPARTM ENT OF TH E  
INTERIOR1. The authority citation ior part 100 is revised to read as follows:

Authority: 5 U .S.C . Appendix 1-15,16 U .S.C  
3, 472, 551, 668dd; 3101-3126; 18 U .S.C. 3551- 
3586; 43 U .S.C . 1733.2. Subparts A , B, and C  of part 100 of title 50 are revised as set forth at the end of the common rule.
PART 100— SUBSISTENCE 
MANAGEMENT REGULATIONS FOR 
PUBLIC LANDS IN ALASKA

Subpart A — General Provisions 

Sec.
100.1 Purpose.
100.2 Authority.
100.3 Applicability and scope.
100.4 Definitions.

Sec.
100.5 Eligibility for subsistence use.
100.6 Licenses, permits, harvest tickets, 

tags, and reports.
100.7 Restriction on use.
100.8 Penalties.
100.9 Information collection requirements. 
Subpart B — Program Structure

100.10 Federal Subsistence Board.
100.11 Regional advisory councils.
100.12 Local advisory committees.
100.13 Board/agency relationships.
100.14 Relationship to State procedures and 

regulations.
100.15 Rural determination process.
100.16 Customary and traditional use 

determination process.
100.17 Determining priorities for subsistence 

uses among rural Alaska residents.
100.18 Regulation adoption process.
100.19 Closures and other special actions.
100.20 Request for reconsideration.
100.21 [Reserved.]

Subpart C — Board Determinations

100.22 Subsistence resource regions.
100.23 Rural determinations.
100.24 Customary and traditional use 

determinations.
Dated: May 8,1992.

Richard N. Smith,

Acting Director, U.S. Fish and W ildlife 
Service.
Michael A . Barton,
Regional Forester, USD A —Forest Service.
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